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INTRODUCTION 

This is the fourth quarterly update for 1977 in Heat Pipe 
Technology. 

The major portion of this quarter's activity has been in 
the area of heat pipe applications for energy conserva- 
tioaand solar energy related systems. An increased number 
of publications in the areas of electrical and electronic 
applications of heat pipes also appear in this issue. 

The bibliography has undergone some revision, with section 
IIBnow entitled Energy Conversion and Power Systems, and 
section II'Cnow entitled Energy Conservation, Solar, Nuclear 
and other Energy Systems. These new sections result from 
our  effort to aaintain the bibliography within today's 
categories of interest, and to encompass the trend which 
heat pipe technology is currently setting. 

We would also like to inform our subscribers that the bib- 
liography is now being coinpiled utilizing an increased 
amount of computerized literature searching with the most 
prominent and complete engineering and science data bases 
being accessed. 

We at TAC hope that our efforts are helping to make this, 
a more complete and reader responsive publication, and we 
would appreciate comments or suggestions which would con- 
tribute to this effort. 

Gilbert A. Rivera 
Technical Editor 
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GUIDE TO USE OF THIS PUaLICATION 

. 
A number of f e a t u r e s  have been incorpora ted  t o  he lp  t h e  

. r eade r  use t h i s  document. They c o n s i s t  o f :  

-- A TABLE O F  CONTENTS l i s t i n g  g e n e r a l  c a t e g o r i e s  of 
subject con ten t  and indexes. 
by s u b j e c t  t i t le /keyword and au tho r  is  a v a i l a b l e b  
through t h e  a p p r o p r i a t e  index. 

More s p e c i f i c  coverage 

-- CITATION NUMBEXS assignei! t o  each r e fe rence .  These 
numbers, w i th  t h e  p r e f i x  omi t t ed ,  a r e  used i n s t e a d  
of page numbers t o  i d e n t i f y  r e fe rences  i n  t h e  var ious  
indexes.  They are also u s e d  as TAC i d e n t i f i e r  nunbers  
when d e a l i n g  wi th  dccument o rde r s :  so p l ease  use t h e  
e n t i r e  ( p r e f i x  included)  c i t a t i o n  number when co r re s -  
ponding w i t h  TAC regarding a r e fe rence ,  An open ended 
numbering system facilitates easy  inco rpora t ion  of sub- 
sequent updates  i n t o  the organ iza t ion  of t h e  material. 
In  t h i s  system, numbers ass igned  t o  new c i t a t i o n s  i n  
each ca tegory  w i l l  follow d i r e c t l y  t h e  l a s t  ass igned  
numbers i n  t h e  prev ious  pub l i ca t ion .  
number of t h e  l a s t  re fe rence  on each page appears on 
t h e  upper right-hand corner  of t h a t  page t o  f a c i l i t a t e  
quick l o c a t i o n  of a s p e c i f i c  t e r m .  

The c i t a t i o n  

-- A REFERENCE F O W T  conta in ing  the  TAC c i t a t i o n  number, 
t i t l e  of r e f e r e n c e ,  author ,  co rpora t e  a f f i l i a t i o n ,  c 

r e fe rence  source ,  con t r ac t  o r  g r a n t  number, a b s t r a c t  
,and keywords. The re ference  source tells, t o  t h e  b e s t  
of our  knowledge, where t he  r e f e r e n c e  came from. I f  
f r o m  a p e r i o d i c a l ,  t h e  re ference  source  con ta ins  the  
p e r i o d i c a l ' s  t i t l e ,  v o l m e  number, page number and d a t e .  
I f  for a reFort ,  t h e  r e fe rence  source con ta ins  t h e  re- 
port  number ass igned  by t he  i s s u i n g  agency, number of 
pages and d a t e ,  

v i i  



--An INDEX OF AUTHORS a lphabet ized  by a u t h o r ' s  l a s t  
name. A r e f e r e n c e ' s  author  is  followed by the 
r e f e r e n c e ' s  c i t a t i o n  number. 
each au tho r  is l i s t e d  i n  t h e  index. 

For m u l t i p l e  au tho r s ,  

--An I N D E X  OF PERMUTED TITLES/KEYWORDS a f f o r d s  access  
through major words i n  the t i t l e  and L&rough an  
ass igned  set  of keywords for each c i t a t i o n .  A r e f -  
e r e n c e ' s  t i t l e  is  followed by t h e  r e f e r e n c e ' s  ci ta- 
ti03 number. I n  the i n d e x e s ,  all t h e  words p e r t a i n i n g  
to a r e fe rence  are permuted a l p h a b e t i c a l l y .  
the c i t a t i o n  n u i i e r  f o r  a reference appears  as many 
t i m e s  as t h e r e  are major t i t l e  words or  keywords fo r  
that  r e fe rence .  The permuted words run down t h e  cen te r  
of an index page. T h e  rest of the t i t l e  o r  keywords 
appear ad jacen t  t o  a permuted word. S ince  a t i t l e  
or  set  of keywords is allowed only  one l i n e  p e r  per- 
muted word t h e  beginning, t h e  end, o r  both ends of a 
t i t l e  or  se t  of keywords may be c u t  'off; or ,  i f  space  . 
permits, it w i l l  be continued a t  t h e  oppos i t e  side o f -  
the page u n t i l  i t  runs back i n t o  i t s e l f .  A P i n d i c a t e s  
the end of a t i t l e  o r  set of keywords while  a / i n d i -  
cates where a t i t l e  or s e t  of keywords has  been c u t  
off wi th in  a l i n e . '  

Thus, 

- 
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I .  GENERAL INFORMATION, REVIEWS, SURVEYS 

HP77 10006 REPUI2EMENTS FOR 0.S. HEAT PIPE EXPERIMENTS ON SPACELAB TEST FACILITY - 
Fina l  Report 

Almgten, D.W., ( A r t h u r  D. L i t t l e ,  Inc., Cambridge, VA),  May-Oct 1976, (Contract NASS- 
233911, Sponsored by Coddard Space F l i g h t  Center, Greenbelt, MD 
Avai1:TAC 

P ESA is planning t o  supply a hea t  pipe tes t  f a c i l i t y  a s  p a r t  of t h e  f i r s t  Spacelab 
I mission, scheduled t o  ne launched i n  the t!!ird qua r t e r  of CY 1980. Mr. S. Ollendorf 

of NASA GSFC has submitted a proposal t o  NASA Eeadquarters i n  which, a s  P r inc ipa l  In- 
ves t iga to r ,  he w i l l  provide hea t  pipes from the United S ta t e s  t o  be t e s t e d  on the 
European f a c i l i t y .  This repor t  contains  the  ideas and opinions of the U.S. heat  pipe 
inves t iga tors  who responded to  NASA's reques t  for suggestions for experher i t s  t o  be 
performed on Spacelab I. The Suggested proqram Goals and organizat ion w e r e  developed 
during informal interviews with the  po ten t i a l  experimenters. Based on a l l  of t h e  in- 
formation gathered, a candidate grouping of experiments has been suggested f o r  t he  
i n i t i a l  f l i g h t  t h a t  would penni t  f i v e  of the  twenty-six suggested experiment ideas  t o  
be t e s t e d  . 
(PROPOSAL, PROGXAM GOALS, POTENTIAL EXPERIMENTS) 

HP77 10007 l0TH IXCERSOCIETY ENERGY CONVERSION EXGINEERING CONFERENCE 

(Newark, D E ) ,  (New York, NY), IEEE, Aug 18-22, 1975 

So la r  aea t ing  and Cooling: Nuclear Power System: Thermionic Energy Conversion: Photo- 
voltaic Conversion: Topping Cycles: Unique Engines: Solar  Power: Syntiietic Liquid Fuels; 
Thermoelectric Systems; Isotope Power  Systems: Wind Power:  Biomedical Power: H2:  Space 
Power System: Xeat Pipe Pollowed by Brayton Cycle Systems. 249 papers were presented. 

(ENERGY CONVERSION, TSERMODYXAMICS , OV-ER-VIEW) 

The following top ic s  were considered: Electrochemical C e l l s ;  LXFSR: Energy Storage: 

HP77 10008 HEAT AND MASS TRANSFER BIBLIOGRAPHY-SOVIET WORKS 

Luikov, A.V., Int .  J. Heat and Mass Transfer ,  (GB), V 18:697-705, NS 

physical  Transport;  EyCromechanics; Forced Convection; Xatural  Canvection: Capi l lary-  - 
Porous Bodies: Phase Conversions: Radiation; Combined Heat and Mass Transfer:  Rheo- 
physics;  H e a t  Pipes;  Heat and Mass Transfer.  

. This  bibl iography of  Soviet  Works covers the  following: Thermodynamics; T h e m -  

(REVIEWS, HEAT TRAIUSPSR, FLUID FLOW, THERMODYNAMICS) 

HP77 10009 THERMAL CONTROL BY HEAT ?IPES 

Oshima, K., (SOC. o f  Instrument and Control Engrs., Tokyo, Japan), J. SOC. Instrum. 
and Control Eng., Japan, V 14:662-670, N9 

(REVIEW, TXERMAL CONTROL) 

N o  abstract ava i l ab le  

-77 10010 HEAT EXCHAXGERS 

Sc.hmidt, E.L., Eisenmam, G. ,  Hahne, E. ,  ( In s t .  Fur Thermodynamik and Warmtech. Univ. 
S t u t t g a r t ,  S t u t t g a r t ,  Germany), aremst.-Waerme-Kraft, (BWK), Germany, V 28:169-171, 
N 4  

L i t e r a t u r e  survey deal ing with heat  exchangers, including: Augmented Convective 
Heat Flow, Radiative Seat  Transfer  a t  High Tamperature, Design Calculat ions Techniques, 
Heat Pipe Porous Seat-Exchanger Technology, Heat Recovery Schenes, Xegenerators, ??a- 
t e r i a l s ,  Operating Experience and O p t h i s a t i o n  of  Cooler/System Matching. 

(REVIEWS, HEAT EXCIIELVGERS, HEAT TEIANSFER) 

HP77 :0011 W U A L  REVIEWS 

VZI? Dykei E. i?.Ti~cer?+_i. G -  A_?~?IJz~ Review of Fluid :4echanics. Palo Alto,  CX. v 7 

Turbulent 3oundary Layers: Nonlinear Thema1 Convection: Xelaxation Methods i n  Fluid 
Xechanics: Granular Flow: Flow Lasers: Vortices: fieat Pipes: Oceanic waste-water O i s -  
posal :  Navier-Stokes Equations; Rotating and S t r a t i f i e d  Flow; Turbulence; Large Lake 
Hydrodynamics : Wave Zffec t  on Rubble-Mound S t r u c t u r e s .  
( REVIEW, TBERMODYNAMICS , HEAT TRANSFER, FLUID FLOW) 

A c o l l e c t i o n  of review papers on the following: F lu id  Mechanics, Oel f t  University;  

1 
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HP77 10012 ALASKA PIPELINE SPIXOFFS 

Weismantel, G.E., a e m .  Eng., NY, V 81:42-44, N6, LYar 18, 1974 
N o  abstract available 

(TRANSPORT I ENGINEERING I LXAFXZT) 

. 

2 
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11, HEAT PIPE APPLICATIONS 

11. A. GENERAL APPLICATIONS 

I 

c 

. 

a 7 7  20032 WETTmG BY SODIUM AT H I G R  TZPERATURES I N  PURE VAPOUR ATXOSPHERE 

Bader, M. 8 Busse, C.A., (EURATOM-JRC, Ispra  (Va.1 , I t a l y )  , Journal of Nuclear Materials,  
V 67:295-300, Feb 1377 
Avail : TAC 

(stainless steel 304L, Inconel 600, XTG36, TZM) and oxides !Feldmiihle E37, Degussa 
AL23, sapphire,  Z r O 2 ,  Y 0 3 )  was aeasurcd i n  the  temperature range fzom 520 t o  72OoC. 
A new measurement metho3 w a s  applied consis t ing of a combination of the  c l a s s i c a l  
sessile drop with a gas control led heat pipe. The iuetho? is e spec ia l ly  su i t ed  for 
high temperatures where the preViOCS methods are impracticable because of excessive 
sodium evaporation. In the  temperature range mentioned a l l  invest igated mater ia ls  
are wetted. The maximum measured w e t t i n g  angle is 7.5OC. The wetting angles are 
nearly independent from temperature, but they show a time-dependency cons i s t ing  i n  
general  of a r ap id  i n i t i a l  decrease and a reaching of t he  equilibrium value a f t e r  
about 1 hour. 

The wetting angle of sodium on d i f f e r e n t  p u r e  metals ( N i ,  Ta ,  Nb, .No, W ) ,  a l l o y s  

(GAS CONTROUZD HEAT-IIPE, 'WETTING ANGLE, METALS, SESSILE DROP, TESTING) 

HP77 20033 PREPARATION OF VAPOR =OWN LEAD-TIN TELLURIDE FOR 8-14 MICROMETER PHOTO- 
DIODES 

Bradford, A . ,  Wantworth, E., (Night Vision Lab., Fort Belvoir,  VA),  In f r a red  Phys., 
(a), v 15:303-309, N 4 ,  A76-22930 

Single c r y s t a l s  of lead-t in  t e l l u r i d e  (Pb0.8Sng.ZTe) 19 nun i n  diameter and up to  
25 nun long have been grown by a closed-tube seeCed vapor t r ansoor t  method. 
w e r e  g r a m  in furnaces equipped with isothermal ' h e a t  pipes '  which provide convenient 
con t ro l  of t h e  temperature p r o f i l e  during growth. Growth r a t e s  of 2-2.5 g/day were 
u t i l i zed .  Scannhg x-ray topography analysis  revealed. good c r y s t a l l i n i t y .  Fiafers c u t  
f z o m  the crystals w e r e  annealed t o  a c a r r i e r  concentration l-2*lO17 a - 3  and mobi l i t i e s  
of 2-3*104 cm2/v-sec ($-type,, 7'7K). Photodiodes formed from t h i s  material had peak 
d e t e c t i v i t i e s  of 2.101 an BZ* w-1. 

(HEAT PIPE FURNACE, SEMICONDUCTOR GROWTE, FZERATURE CONTROL) 

The c r y s t a l s  

8177 20034 REALISATION OF A MONOMODE LASER I N  A HEAT PIPE OVEN ON TBE tAMDAY1.5 

Cahuzac, P. ,  Drago, X., (Lab.  A L z  Cotton, CXRS IT, Orsay, France),  Opt. C o r n u . ,  
Netherlands, V 18:600-602, N4, A77-003570 
Avail : TAC 

i n  a heat  pipe oven. 
mum. with p u l s e  durat ion of 20 ns. 

(HEAT-PIPE OVEN, GXS LASERS) 

MUM LINE OF BARI'JM 

The a r t i c l e  descr ibes  the  propert ies  of l a se r  e f f e c t  o b s e m d  i n  a vapor provided 
The o s c i l l a t i o n  is pulsed and occurs on the  barium l i n e  a t  1.5 

HP77 20035 INTERCCALIBBRATION OF TEMPERATmLE TECANSDUCER WTTB A HEAT P I P E  FmWACE. 
TEMPF,,RATURE MEASURE,XENT, 19  75. TEDDINGTON, .XIDDX. LONWN , ENGL;LUD 

Covil le ,  P . ,  L a u e n c i e r ,  X., Bi l l ing ,  B . F . ,  Quinn, T.J . ,  (Soc. Anonyme D'Etudes e t  
Real isat ions Nucleaires,  Sodern, Suresnes ,  France) , A76-07190 
Avail :TAC 

a number of themocouples or  r e s i s t ance  t h e m m e t e r s  for comparison. These channels 
a r e  isothermal,  and temperatures a r e  constant over s eve ra l  hours. ?be temperature 
reached by t he  system when heated from zoom terper2t-e is always the Same within a 
f e w  t en ths  of a degree centigrade without reference t o  another terneratuze transducer.  
This property is compared t3 tbe fixed poict  obtained by ' r e e z h q  of pure n e t a l s  or 

(HEAT-PIPE NRNACS, CALIBRATION, ISOTAERMAL, TEXPSRATURE TRANSDUCER) 

A heat  pipe furnace is described i n  which channels a r e  provided to accommodate 

compounds. 

8377 20036 'WE.= CONDUCTION PIPE'  AND ITS APPLICATIONS 

Elekt ronik  G e r m y ,  V 24: lOl-102,  N11 
A ; - a i l ~  T i i t  

3 
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The pr inc ip l e  of the  hea t  pipe is described cons i s t ing  of a sea led  copper tube 
s t a h l e s s  steel o r  spec ia l  g l a s s ,  evacuated and containing a Small amunt  of a spec ia l  
l iqu id :  t!!e inner  w a l l  is coated with a porous mater ia l ,  which a c t s  as a wick. 
one end is heated, &he l i q u i d  S o i l s ,  i ts vapour condenses a t  'he co ld  end and is can- 
ducted back by the  c a p i l l a r y  porous l aye r ,  thus operat ing a heat  t r ans fe r .  
is not  a cooling element but  a t!!erual conductor, of use i n  semiconductor hea t  s ink 
agpl ics t ions .  Several  designs of  t ' h u l a r ,  f l a t  and r ibbed devices a r e  descri5ed. Of 
p a r t i c u l a r  interest is the isotherraal oven 'Calocoax' by Ph i l ip s ,  which cons i s t s  of 
t w o  coaxial ,  welded-together heat  pipes ,  with a metal gauze cap i l l a ry  l i n i n g  and an 
add i t iona l  hea te r  f i lament.  The oven is intended f o r  d i f fus ion  processes i n  semi- 
conductor manufacture and is set apa r t  by i ts  uniform and c lose ly  cont ro l led  temp- 
erature. 

When 

The pipe 

(HEAT SINKS, ISOTHERMAL OVEN, SEHICONDUCTO~) 

-77 20037 

Feldman, K.T. ,  Jr., Berger, M.E. 
Avail  : TAC 

No abstract ava i l ab le  

XNACYSIS OF A HIGH-BEAT-FLUX WATER HEAT PIPE EVAPORATOR - Technical R e p o r t  

(COMPUTSR PROGiiAM, N W R I C U  ANALYSIS, HEAT E X C W G E R S )  

XP77 20038 U S E R  PHOMLUMINESEXCE OF E i 2  

Gerber, G., Sakurai,  K. ,  Sroida,  H.P., (Dept. of Pbys. Univ. of Cal i forn ia ,  Santa 
Barbara, CAI, J. Chem. Phys., V 64:3410-3422, Ne, 876-60899 
Avail : rAc 
has its o r i g i n  in various v ibra t iona l - ro ta t iona l  t r a s i t i o n s  of t h e  A-X system. 
suggested t h a t  A is not  the f i r s t  exc i ted  s t a t e  and t h a t  X does not  represent  the 
ground state. 
spec t r a  are reported.  

(BEAT-PIPE OVEN, PHOTOLVMINESCENCE, LINE SPECTRA, INERT GAS-FLOW) 

A heat-pipe oven has been used t o  produce molecular bismuth. Strong luminescence 
It is 

Spectra  a r e  a l s o  preselztod using white l i g h t .  Both l ine  and continuum 

-77 20039 LINE-TERMIXAL CONSTRUCTION TO BE COMPLETED BY MID-YEAR 

Ives ,  G.,  Jr., ?ipe Line Tnd., V 46:31-33, N1, Jan 1977 
Avail  : TAC 

Trans-Alaska P ipe l ine  was l a i d  l a s t  m n t h  i n  rugged Tfiompson Pass, 32.1 k n  (20 m i . )  
nor theas t  of t!!e Valdez TelJninal.  %e pass i s  only 88 km ( 5 5  m i . )  north of t he  Tonsina 
River,  where t h e  first sec t ions  of pipe were in s t a l l ed  LMarch 27 ,  1975. Even though 
a l l  s ec t ions  of t5e pi?el ine a r e  i n  place,  not  all axe connected by welds. 
t h e  p ro jec t  is 9 1  percent  complete and t h e  p ipe l ine  i tself  is 97 percent  complete. 
Star t -up for t h e  p ro jec t  is ta rge ted  f o r  ea r ly  summer. In t e re s t ing ly ,  the  pro jec t  
presented a number of f i r s t s  i n  p ipe l ine  construczion. ?or example, the Trans-Alaska 
Line w a s  t h e  f i r s t  to: use an i n t e r n a l  weld inspection and r e p a i r  vehicle:  use a 
Spec ia l  r e f r i g e r a n t  bu r i a l  system: use a microwave network, a s  w e l l  a s  a s a t e l l i t e  
e a r t h  system; have sec t ions  constr-jcted i n  an insulated box: u t i l i z e  a cableway i n  
cons t ruc t ion ;  have priinarl  punp s t a t i o n s  enclosed i n  bui ldings;  and have an above- 
Ground p ipe l ine  system enploying t h e m 1  devices t o  r e m v e  hea t  from the ground and 
use  a i rborne  in f r a red  t o  .Ponitor t he  heat  pipe system. 

Xlyeska P ipe l ine  Service Co. r epor t s  the f i n a l  sec t ion  of t he  1287-km (800-nile) 

Overall ,  

' (ALYES;(A, PERMA-FROST , AIRBORNE-INFRARED-MONITOR) 

HP77 20040 APPLICATIONS OF iiEAT P D E S  

Kikuchi, K., Misawa, K., Yuwata, Z., M a t s m t o ,  K., (Furukawa Electric Co. Ltd., Tokyo, 
Japan) ,  Furukawa E l e c t r .  Rev., Japan, p.  67-80,  N56. B76-15887 
Avail  :TAc 

Sxplains  'he p r inc ip l e s ,  working limits, working m d e s ,  etc. of the  heat  pipes  
superconductors of heat.  ALSO introduced a r e  some examples of the p rac t i ca l  use of 
t h e  t*ube, center ing  3n its appl ica t ion  i n  NASA's space development, and f o r  cool ing of 
la rge-capac i ty  semi-conducting elements. 

(BEAT SXBK, APPLICATIONS, OVEWIZW) 

s 

n 

Kirk ,  W.B., (American Gas Association L a b s . .  Cleveland, 08), I n s t i t u t e  of G a s  Tech- 
nology, Chicago, IL, 1974, Proceedings. Of  t he  Third Conference on Natural Gas Research 
and Technology. 
Avai1:TAC 
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Factors a f f e c t i n g  the  design of mre e f f i c i e n t  appliances are presented, followed 
by a b r i e f  synopsis of recent and new p ro jec t s  aimed a t  conserving energy. Examples 
of concepts f o r  achieving highet e f f i c i e n c i e s  a re  reviewed. 

(CONSERVATION, HEAT PUMPS, FURNACES, REFRIGERATION, STOVES) 

HP77 20042 GZNERAL SUMMARY OF EFFICIENT USE OF FUELS I N  PROCESS AND MANUFACTURING 
INDUSTRIES 

Long, G.M., ( Inst .  of G a s  Tech., Chicago, I L ) ,  1974 
Avail : TAC 

on e f f i c i e n t  use  of f u e l s  i n  the  process and manufacturing indus t r i e s .  Increased 
e f f i c i ency  has been necessi ta ted by p r i ce  increases,  which, i n  p a r t ,  have r e su l t ed  from 
curtai lments  o r  in t e r rup t ions  of fue l  supplies.  Measures t o  a t t a i n  more e f f i c i e n t  f u e l  
u t i l i z a t i o n  a r e  thus prompted by a v a i l a b i l i t y  a s  w e l l  as pr i ce  considerations.  Some 
30 speakers,  s ingly and i n  panels,  discussed the  theme from the  standpoints or' f u e l  and 
p r i ce  fo recas t s ,  economics, conservation, trade-association ac t ions ,  monitoring of 
energy usage, con t ro l s ,  i n su la t ion ,  b o i l e r s ,  improved combustion, hea t  pipes,  heat- 
s to rage  w e l l s ,  i n f r a red  heat ing,  waste-heat recove-y, a l t e r n a t i v e  combustible gases,  
industry experience, f u e l  a l loca t ions ,  and qovernment research. A general  summary of 
the symposium a s  delivered by the  symposium chairman i n  c losing t h e  conference is pre- 
sented. 

April  1 6  t o  19, 1974, the  I n s t i r u t e  of G a s  Technology held a symposium i n  Chicago 

(CONSERVATION, INDUSTRIAL PUNTS , HEAT ECOVERY, ECONOMICS) 

HP77 20043 T9E HEAT PITE COOLING SYSTEY FOR TEE BRAKE EXCITATION CONVERTOR OF ELECTRIC 
LOCOMOTIVES 

Lossel,  W., F r i e s ,  P., Ruger, E., Elektr .  Bahnen, Germany, V 46:33-36, N2, B75-18351 
Avail : TAC 

l i g h t e r  than t h e  usual r a d i a t o r ;  f o r  example, t o  d i spe r se  t h e  equivalent  of 0.5 kW to  
1 .0  kW in  hea t  loss, a h e a t  pipe would weigh some 4 kg aga ins t  20 kg f o r  t he  usual 
r ad ia to r .  
convertors f i t t e d  with hea t  pipe cooling arrays.  

(POWER CONVERTERS, COOLING, BRAKING) 

The hea t  pipe as a means of conveying and Cispersing hea t ,  is much smaller and 

Tests  a r e  cu r ren t ly  being conducted by t he  German Railways on locomotive 

EP77 20044 HEAT-PIPE-OVEN REACTOR (HPOR) STUDIES. 11. FORMATION OF EXCITED CN I N  
THE Li-NF3-Cs4 TERNARY FT- SYSTEM 

L u r i a ,  M., Eckstrom, D.J., Benson, S.W., .(Phys. S c i .  D i v . ,  Stanford R e s .  I n s t . ,  Menlo 
Park, C A I ,  J. Chem. Phys., V 65:1595-1596, N 4 ,  A76-88148 
Avail : TAC 

cules from the NF3-CClq-Li Ternary Frame System is reported. 
i n  a heat pipe oven r eac to r ,  t he  l i g h t  output i n  tho range 2000 t o  8000 Angstroms' 
being recorded. 
i d e n t i f i e d .  Possible  exc i t a t ion  mechanisms for production of exci ted CX m l e c u l e s  a r e  
discussed. 

(SPECTRA, TEXVARY FLAME, EXCITED HOIOLECULES) 

F i r s t  observations of purely chemically produced e l e c t r o n i c a l l y  exc i t ed  CN mole- 
The react ion is studied 

The c c m o s i t i o n  of the emission spectrum is out l ined and major f ea tu res  

H077 20045 WSER PHOTOLUMINESCENCE OF CALCIUM MOLECULES 

Sakurai,  K., Broida, H.P., (Dept. of Phys. Univ. of Cal i fornia ,  Santa Barbara, CAI, J. Chem. Phys . ,  v 65:1138-1145, ~ 3 ,  A76-83032 
Avail :TAC 

A v a r i e t y  of l a s e r  l i n e s  have been u t i l i z e d  to  exc i t e  photoluminescence spectra  
of C a 2 .  The calcium was produced i n  diatomic form Using a heat pipe oven, i n  t!!e 
temperature ranqe from 1000 to 12000~. A number of the  spectra  are reproduced and t h e i r  
c h a r a c t e r i s t i c s  catalogued *,ri-h sharr,  l i n e s  iden t i f i ed  and associated with the  known 
bound s t a t e s  of calcium. Charac t e r i s t i c s  o f  t h e  spectra  ind ica t e  t!!e e f f e c t s  0 2  
f i s s o c i a t i o n  of exci ted m l e c u l e s ,  emissions t o  repuls ive p a r t s  O f  lower s t a t e s  and 
bound s t a t e s .  

!PROTOGUMIPESCTJJCS : HEAT-PIPE: OVEN SPECTRA) 

i 
! 



lip77 20046 CXEMILUMINESCENCE OF CaH AND A I 3  IN THE REACTION OF THE METAL ATOMS AND 
FORMALDEHYDE 

Sakurai,  I., Adams, A., Sroida,  H.P., (Quantum I n s t .  and Phys. Dept. Univ. of Cal i forn ia ,  
Santa Barbara, CAI, Chem. Phys. L e t t . ,  Netherlands, V 39:442-444, N3, A76-62685 
Avai1:TAC 

containing comuounds i n  a flowing gas i n  a heat a i p e  oven a r e  6escriiied. Red chemi- 
luminescence of CaH w a s  observed i n  the  reaction of calcium, and weak chemiluminescence 
of A l H  w a s  seen i n  t h e  reac t ion  of aluxinun with formaldehyde ( H 2 C O ) .  It is proposed 
that a reac t ion  betveen metal atoms and formaldehyde nay be used a s  a source of diatomic 
metallic hydrides. 

Chemi ldnescence  from t h e  reac t ion  of  calcium and aluminum with var ious hydrogen 

(HEAT-PITE OVEN, PLOWING GAS SYSTEX, BOND ENERGY) 

RP77 20047 TESTING STATIC SEALS AT HIGaER TEMPERATURES I N  REAL CONDITIONS BY b ? ? S  O F  
HEAT-OIPE TECHNIQUES 

Verheyden, L.J.,  S c h h s ,  H.E., Kenatechnik, V 16:23-24, N1, Jan 1974 
Avail :TAC 

A method is descr ibed f o r  t e s t i n g  g loba l  leak t ightness  of seals i n  a small and 
not  expensive t e s t  r i g  based on the  hea t  pipe p r inc ip l e ,  i n  which it is possible  t o  
create thermal shocks i n  both d i r ec t ions  and to make long term tests.  Two examples 
of appl ica t ions  a r e  desczibed with a l l  de t a i l s .  In  conclusion the  advantages and 
disadvantages of t!!e method a r e  summarized. 

(LEAKTIGHT TEST, TEST EQUIPMENT, TEERMAL SHOCK) 

XP77 20048 ARCTIC TUNDRA KEPT FROZEN BY HEAT PIPES 

Waters, E.D., O i l  Gas J., V 72:122-125, Aug 26, 1974 
A v a i l  : TAC 

con t r ac t  to  bui ld  near ly  100,000 hea t  pipes  for the Trans-Alaska Pipeline.  The hea t  
pipes  a r e  cryo-anchor so i l  s tabi l izers  (see gas abstr. 29,73-0686)  designed t o  prevent 
t h a w i n g  of permafrost around pipe supports for e leva ted  port ions of t he  l i n e .  These 
pass ive  so i l - r e f r ige ra t ion  devices u t i l i z e  an anhydrous ammania process,  wit!! no moving 
p a r t s  or e x t e r n a l  power. Advantages include low ove ra l l  c o s t ,  ease of i n s t a l l a t i o n ,  
high r e l i a b i l i t y ,  v e r s a t i l i t y ,  adap tab i l i t y  to  var ious supports ,  recoverabi l i ty  a t  end 
of short-term p ro jec t s ,  prevention of gradual degradation and i r revocable  losses of 
land and s t r u c t u r e s ,  and 'he p o s s i b i l i t y  of r e t r o f i t t i n g  t o  c o r r e c t  developing problems. 

Alyeska P ipe l ine  Service Co. has awareed McDonnell Douglas Corp. a $13 mil l ion  

[XGYPISKA: P E m F R O S T  I CRYO-ANCHOR. SOIL STABILIZER) - 

HP77 20049 PIPEtINES AND ACCESSORIES FOR DISTRIBUTION YETWORKS OF DISTRICT HEATING. 
PLANNING, CONSTRUCTION, CALCULATION 

Zieq ler ,  K . ,  Eisenhauer, G., (VWEW, Frankfurt Am .%in, F.R. Germany), 1974,  In  German 
A short survey of the f i e l d  of d i s t r i c t  heat ing engineering is presented. 

(SURVEY, OVERVIEW, ENGINEERING) 

11. 8 .  ENERGY CONVEXSION AND POWER S Y S T E I  

HP77 21003 IMFROVING FUEL VAPORIZATION 

Autoxmt. Eng., m, V 84:37-43, X6,  June 1976 
Avail  :TAC 

The appl ica t ion  of a heat  p i p e  t o  the  fuel  system of an automobile engine is 
discussed. 
r e s u l t  i n  smooth engine operation on lean I T L i X t L X e S ,  lower exhaust e r i s s ions ,  and im- 
proved f u e l  economy. The design ana operation Of the  VapOriZing pipe a re  given, and 
Some performince t e s t  da ta  a r e  presented. 

(AUTOMOBILES, FUEL SYSTEWS, EVAPORATION, GASOLIXJE) 

The improvement i n  uniformity O f  the  a i r - fue l  charge i n  each cy l inder  w i l l  

I 
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HP77 21004 THERMOELECTRIC POWER SYSTEM 

Byrd, A.W. 

o u t l e t  f o r  receiving f l u i d  a t  the i n l e t ,  heating t h e  f l u i d ,  and providing it a s  a heated 
f l u i d  a t  the s a i d  o u t l e t .  Each thermoelectric generator assembly is comprised of a f l u i d  
chamber, f i r s t  and second heat pipes,  a mounting device,  a thermoelectr ic  element radia- 
t i o n  u n i t  coupled t o  the  second hea t  p i p e ,  and a pumping device. 

(TIZERMOELECTRIC , POWER GENERATION, PCWER SYSTEM) 

, Avai1:TAC 
I A thermoelectric p o w e r  system comprised of a hea t  source having a f l u i d  i n l e t  and 

- 
I 
I BP77 21005 COMPARISON OF HYDROGEN W I T H  ALTERNATE ENERGY FORMS FROM COAL AND NUCLEAR 

ENERGY 

Cox, K.E., (New Mexico Univ., Albuquerque, NM, Dept. of Nuclear Engineering), Energy 
Comers., V 6:49-54, N 1 - 2 ,  1976 
Avai1:TAC 

analyzed on e f f i c i ency ,  economic and end-use grounds. These forms include hydrogen, 
methane, e l e c t r i c i t y ,  and Eva-Adam, a 'chemical hea t  pipe '  approach t o  energy t rans-  
mission. 
with the o t h e r  energ.1 c a r r i e r s  except over very l a r g e  dis tances .  The c o s t  of hydrogen 
derived from coal  is approximately equal t o  that  of methane derived from the  same source 
when compared on an equal Btu basis .  Themchemically derived hydrogen from nuclear 
energy shows a break-even range with hydrogen derived from coal a t  coal  cos t s  of from 
33 t o  bO/English pounds p e r  ton depending on the c o s t  of nuclear h e a t .  E l e c t r i c i t y  and 
e l e c t r o l y t i c a l l y  derived hydrogen a r e  t!!e most expensive energy c a r r i e r s  and electri- 
c i t y ' s  use should be l imi t ed  t o  app l i ca t ions  involving work rather than heat. Continued 
work i n  thermochemical hydrogen production schemes should be supported a s  an energy 
opt ion f o r  the future .  

Alternate energy forms t h a t  can be produced from coal  and nuclear energy have been 

?he Eva-Adam system f o r  nuclear heat  appears t o  be economically competitive 

(ENERGY CONVERSION, GASIFICATION, HYDROGEN, METHANE, ECONOMICS) 

HP77 21006 HZAT PIPES FOR USE I N  HIGH-BTU GASIFICATION OF COAL 

Gillmore, D.W., Strinbeck, D.C., (U.S. Dept. of I n t e r i o r ,  Bureau of Mines, Morgantown 
Energy Xesearch Center, A310rgantown, WV), 1971-1976, U.S. Dept. of I n t e r i o r ,  Bureau of 
Mines - Avail : TAC - 

Evaluation of t h e  P r inc ip l e  of using heat pipes  t o  t r a n s f e r  hea t  t o  a f luidized-  * '  

L- 
U& csal g a s i f i e r .  - 
(COAL GASIFICATION, FUEL GAS) 

AP77 21007 A TEST OF FUSIBLE INSULATION FOR A PROPOSED ISOTOPE POWER UNIT 

Lackey, M.E., (Oak Ridge National Laboratory, Oak Ridge, TN), 78 p., 6 r e f s ,  Apr 1974, 
2 f i g u r e s ,  OmL-TX-4122 
Avail : TAC 

In support of t he  isotope ki lowatt  program, evaluation tests of the  fu l l - s ca l e  
simulated t5ermoelectr ic  power generation system w a s  made. The t e s t  w a s  mri with 6.5 
in .  of f c s i k l e  in su la t ion  around the  heat  block-shield t o  determine the system hea t  
losses. A test: was run t o  determine I;he thermal coupling between the hea t  block-shield 
and 1 2  hea t  pipes with 12 s h u l a t e d  t h e m e l e c t r i c  generators. A loss-of-coolant ac- 
c iden t  t es t  w a s  made t o  determine the maximum fuel capsule surface temperature reached 
during a meltdown of the fus ib l e  insulat ion.  

(TEERMOELECTRIC, POWER GENERATION, INSULATION, ISOTOPIC GENERATOR) 

xp77 21008 EXERGY TRANSMISSION S Y S T S - S  

Leeth, G.G., (General E l e c t r i c  Co., San ta  Barbara, CN, I n t .  J. Hydrogen Energy, V 1: 
49-53, N 1 ,  1976 
Avail : TAC 

SOuTce is assumed to be nuclear f i s s i o n .  However, expected s i g n i f i c a n t  e f f e c t s  of a l -  
t e r n a t i v e  energy sources a r e  noted. 
s e n t i a l l y  i m o r e d .  
chemical, and e l e c t r i c a l  energy forms. 3as i ca l ly ,  t he  evaluation is a technical  and 

t i v e  eva lua t ion  is accomplished 5y l r s t i n g  s ign i f i can t  features  of the various energy 
modes. 2 e s u l t s  indicate  t h a t  hydrogen i s  superior t o  a l l  forms of energy t ransport  
Considered. 

Various met!!ods of t ransport ing l a rge  quan t i t i e s  of energy a r e  compared. The energy 

The associated energy d i s t r i b u t i o n  system is es- 
The procedure cons i s t s  of evaluat ing several  d i f f e r e n t  t h e m a l ,  

a. -nnnmir  --__._.-_ -n--.,-i ~ _..." U___Y.. --- _..__-__.. imrl . . r i i n n  ~ ~ r n ~ t a l  - - ~  _ _ _ _  rns ts  and enerqy loss cgsts. Additional qua l i t a -  

~n Eva-Adam system is internediate  between hydroaen and e l e c t r i c i t y  or hot 
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water. High-voltage electric overhead transmission and hot  water a r e  t h e  mst expen- 
s i v e  systems. In addi t ion,  for the  case of a large energy cen te r ,  a l l  of the p ipe l ine  
methods of energy t r anspor t  a r e  superior  t o  e l e c t r i c  transmission from the viewpoints 
of heat  r e j e c t i o n  and the "getaway" problem. 

(CHEMICAL HEAT-PIPE, EiYDROGEN, METHANE, ENERGY TRANSPORT) 

Bp77 21009 LOW COST HIGX PERTORMANCS -RATOR (LCHPG) 

Lieberman, A.R., Osmeyer, W.E., Xammel, T.Z., Carpenter, R.T., (Teledyne EnerTf Systems, 
Tlnwnium, MD),  American I n s t i t u t e  of Chenical Engineers, New York, 1976,  Eleventh Inter-  
society Energy Conversion Engineericg Conference, V 2 
Avai l  : TAC 

Development Administrztion (ERDA) s ince 1973 t o  develop a low cos t ,  high e f f i c i ency  
radioisotopic  Lhernoelectric generator (LCHPG).  The LCRFG tec.hology is based on FU- 
238 oxide f u e l  and high performance seienide t termoelectr ics  under development by the 3 M  
Company. Studies  i n  the  search fo r  a sa fe ,  low weight, high p e r f o m a c e  generator have 
concluded i n  a SOOwatt(E1 LCHPG reference design which y i e lds  i n  excess of 1 0  percent 
system e f f i c i ency ,  mre than 3 watts(E)/pound and g r e a t e r  s a fe ty  and lower coa t  than 
e x i s t i n g  r t g s .  A t y p i c a l  LCHPG system has four heat pine augmented f i n s ,  Lhermoelectric 
hot  and cold junction t e q e r a t u r e s  of 900°X-C and 125'A-C, resuect ively,  and a r a d i a t o r  
temperature o f  90°A-C. Power l eve l  t ' lpically can range from 25 to  500 w a t t s ( E 1  i n  25 
w a t t ( E )  modular increments. Production c o s t s  are exgected t o  be about $6000 p e r  watt(E) 
by 1981. 
i n  1978 i n  an e l e c t r i c a l l y  heated 100 watt(E) generator (ETG).  This technology phase 
w i l l  emphasize development of ETG components, e.g., t he  selenide therzmelectr ics ,  
f ibrous i n s u l a t i o n ,  C u  / E i  "A20 hea t  2ipes and an i s o l a t i o n  hot  frane for separat ing 
t h e  heat source fzom +he converter compartment. Growth po ten t i a l  can be r ea l i zed  by 
uprating hot junct ion temperature and improving 'he gadolinium selenide X-LZT / these 
improvements should y i e l d  an ultimate system eff ic iency of over 1 3  percent,  a s p e c i f i c  
power in excess of 4 watts(e)/pound and a production c o s t  l e s s  L!an $5000 p e r  w a t t ( E 1 .  

(THERMOXLECTRIC GENERATOR, RADIOISOTOPES, ECONOMICS, DEVELOPMENT) 

Teledyne Znerqy Systems (TES) has been under con t r ac t  t o  C.S. Energy Research and 

Amst recent  e f f o r t s  have concentrated on har6ward development and w i l l  c u h i n a t e  

-77 21010 SOLA2 COLLECTOR THERMRt POWER SYSTEM: ITS POTENTIAL AND DEVELOPMENT STATUS 

Mahefkey, E.T., Jr., ( A i r  Force Systems Canmaand, Wright-Patterson AFB, O H ) ,  American 
Chemical Society,  Washington, DC, 1972, 7th Intersociety Energy Conversion Engineering 
Conference 
Avail : TAC 

N o  abstract ava i l ab le  - 
(ENERGY CONVERSION, ENERGY STORA-, SOLAR CELLS) 

11. C. ENERGY CONSERVATION, SOLAR, NUCLEAR, AND OTHER ENERGY SYSTEMS 

HP77 22013 EDECTED FUTURE O F  T9E HEAT PUMP (TEERE'U BE MORE O F  THEM) 

Barnett, R.C., Z l e c .  App., V 28:29-30, Nl, May 1975 
Avail : TAC 

NO a b s t r a c t  ava i l ab le  

(ENERGY CONSERVATION, ECONOMICS, WASTE-HEAT RECOVERY, HEAT-PIPE RECUPERATOR) 

HP77 22014  CONSERVATION IN INDUSTRY 

Berg, C.A., (Federal Power Commission, Washington, XI,  Science, V 184:264-270, N4134, 
Apr 1 9 ,  1974 
Avail : TAC 

Bo a b s t r a c t  ava i l ab le  

(ENERGY CONSUMPTION, INDUSTRIAL PLANTS, COMPUTERS , ECONOMICS) 

'. 
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This p ro jec t  w i l l  study the  f e a s i b i l i t y  of modular f l a t  p l a t e  co l l ec to r s  employing 
the heat p i p e  p r inc ip l e  t o  e x t r a c t  heat from the solar absorber surface and t r anspor t  
t h i s  heat t o  a primary f l u i d  loop ( e i t h e r  l i qu id  o r  gas ) .  The p ro jec t  w i l l  concentrate 
on the heat  pipe c o l l e c t o r  surface and i t s  in t e r f ace  with ot!!er module and system 
components. Exis t ing research data on glazing, absorbing coat ings and in su la t ion  w i l l  
be u t i l i z e d  and not f u r t h e r  developed i n  t h i s  project .  A submodule-size h e a t  p i p e  s o l a r  
c o l l e c t o r  w i l l  be designed, constructed and tes ted t o  deternine the  ove ra l l  t h e m 1  
impedence of heat  p i p e  s o l a r  co l l ec to r .  For t h i s  study, s o l a r  input  w i l l  be simulated 
by e l e c t r i c a l  r e s i s t ence  strip heaters  attached t o  t h e  c o l l e c t o r  surface.  A p a r t  of 
t h e  submodule s tud ie s  w i l l  be t o  i d e n t i f y  possible f a i l u r e  mechanisms and conduct tests 
in wnich the processes leading t o  f a i l u r e  are accelerated.  Based on the _areceding 
s tud ie s ,  a f u l l - s c a l e  module will be designed and f ab r i ca t ed  and then t e s t ed  under a c t u a l  
s o l a r  radiat ion.  
as p a r t  of t h i s  program. 

Parametric p e r f o m n c e  s tudies  and economic analyses w i l l  be conducted 

(ENERGY CONSERVATION, ECONOMICS, ASSOREER COATINGS) 

HP77 22016 DISTRICT BEATIXG FROM THE XUCLEAR POWER STATION BARSEBAECX I N  SWEDEN 

B l o m q w i s t ,  O., Sydsvenska Kraft  Ab, F a b e ,  Sweden, July 1974, In  Swedish 
When the o i l  p r i ces  s t a r t e d  t o  rise during t h e  autumn of 1973, a rough estimate 

ca l cu la t ion  showed t h a t  t he  conditions for heat t r a n s f e r  from the  nuclear power s%ation- 
Barsebaeck, i n  Sweden t o  the  ci t ies btlalwe and Lund and perhaps also t o  Helsingborg and.  
Landskrona a r e  good. In t!!e nuclear power s t a t i o n  Barsebaeck the t h i r d  p l an t  may be 
used f o r  bot5 hea t  and power production. This r e p o r t  gives an account of t h e  work 
being done. 

(WASTE REAT RECOVERY, ECONOMICS, HEAT T-WSFER) 

HP77 22017 E'EASIBILITY OF A BEAT AND EMISSION LOSS PREVENTION SYSTEM FOR AREA SOURCE 
FURNACES - Fina l  Report 

Brown, R.A., Moyer, C.B., Schreiber,  R.J., (Acurex Corp., Mountain V i e w ,  C h ,  Aerotherm 
Div.) , Apt 1976 
Avai1:TAC 

concepts f o r  simultaneous heat  and air pollutant  recovery from t h e  exhaust of domestic- 
size furnaces. Among the  concepts investigated w e r e  improved heat exchanger design, 
vent dampers and hea t  pipes,  and post-combustion emission con t ro l  devices such as f i l t e r s  
and w e t  scrubbers. 

(FURNACES, WASTE HEAT RECOVEXY, POLLUTION CONTROLI . 

The report gives r e s u l t s  of a b r i e f  study t o  determine the  f e a s i b i l i t y  of candidate 

1. 

HP77 22018 DOMESTIC BUILDING W I T H  A TEST SYSTEM FOR TXE UTILIZATION OF SOLAR ENERGY 

Dietr ich,  B., (Rheinisch-Westfaelisc3es,Elektrkitaetswerk A.G., Essen, Germany, I.R., 
Ut. An Wend Ungstechnik), Tech. Eau, Brussels, V 3:237-243, 1976, In German 

In Essen. a donestic bui lding was equipped wi th  a t e s t i n g  system for the  u t i l i z a -  
t i o n  of s o l a r  energy for space heating and warm se rv ice  water preparation with f inanc ia l  
support by CTe Federal Ministry f o r  gesearch and Tec.hnology. The system is t o  serve t o  
c o l l e c t  p r a c t i c a l  e x p r i e n c e s  about e q e n s e s  and e f f i c i ency  of s o l a r  energy u t i l i z a t i o n  
fo r  the hea t  supply of a domestic building b u i l t  i n  conventional s t y l e  and w e l l  i n su la t ed  
under the meteorological conditions of northern Gs-rmany. The f l a t  p l a t e  c o l l e c t o r s  a t e  
h s t a l l e d  on t h e  southward sloping roof and fiz?ction according t o  t!!e heat-pipe-principle. 
The c o l l e c t o r  heat is l ed  to  +_he ho t  water storage i n  the c e l l a r  =or semice water pre- 
parat ion and heat ing via  heat exchangers and a water c i r cu la t ion .  The co l l ec to r s  e f f i -  
ciency can be increased by m a n s  of a heat pump, esoecially a t  times of l i t t l e  s o l a r  
radiat ion.  The i n s t a l l e d  hot-water floor heating ensures a low l e v e l  of heating tem- 
perature.  A f l e x i b l e  design of the energy system allows t o  test several  conceptions of 
Stor ing s o l a r  heat  and using the  addi t ional  energy necessary a t  times of bad weather 
condi t ions.  

(BUILDINGS, SOLAR SPACE HEATING, THERMAI. STORAGE, EQUIPMENT) 

HP77 22019 Nrd ENERGY CONSERVATION IDEAS FOR EXISTING AND XEW aUILDMGS 

Dubin, F.S., (D&in-Wdell-Bloom Associates, NY) , 19.775, CONF-750942 
Avail :TAC 

while t h e  development of new materials and equipment t o  conserve energy is e s s e n t i a l  
f o r  t h e  long t e r n ,  even t3e e x i s t i n g  techniques, equipment and systems wnich could reduce 
annual energy consumption a r e  not being f u l l y  u t i l i z e d  i n  buildings because of i n s t i -  
tucaonai cons t r a in t s .  Many of the same constzaints a c t  t o  de t e r  new developments. Those 
Constraints  are i d e n t i f i e d  and new ideas f o r  l e g i s l a t i o n ,  eclucation and tzs ining,  incen- 
t i v e s ,  f inancina,  research, and design methods t o  remove such ccns t r a in t s  a r e  suggested. 
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N e w  equipment and system concepts a r e  out l ined ,  such a s  u t i l i z a t i o n  of  s o l a r  energy, 
hea t  pumps, heat  pipes ,  des icant  dehumidification, and c h i l l e d  and hot  water s torage  
systems / but  it is shown t h a t  most of  t he  new ideas  a r e ,  i n  f a c t ,  innovative use of  
older technologies which must be reintroduced now. The importance of  becoming thor- 
oughly fami l ia r  w i t h ,  and using, innovative systems which aro, ava i lab le  is stressed, 
r a t h e r  than wai t ing for t he  development of new products. 
t h e  energy consemation and economic bene f i t s  of i s d u s t r i a l  processes when in t eg ra t ed  
with bui ld icg  envizormental cont ro l  systems. Sone suggestions a r e  included f o r  re- 
f r ige ra t ion  equipment, and glass which changes its c h a r a c t e r i s t i c s  with varying ambient 
conditions.  The use of these new products,  which appear t o  be imminent, w i l l  r e s u l t  
i n  lower c a p i t a l  c o s t s ,  while increasing t h e  poten t ia l  f o r  g rea t e r  energy conservation 
in  buildings.  

Examples a r e  presented showing 

(HEAT PUMPS, HEAT STORAGE, SOLAR HEATING, SPACE HEATING, BUILDINGS) 

HP77 22020 PARTICULATES COOL HEAT-REXOVERY UNITS 

Edwards, P.L., Energy User N e w s ,  V 1:18, N2, O c t  11, 1976 . 
A v a i l  :TAC 

widespread. 
t i c u l a t e  matter t h a t  renders t h e  hea t  recovery equipment inef fec t ive .  
problem a l toge ther  can dr ive  t!!e c o s t  of a system up f i v e  t i m e s ,  but reducing t h e  
problem t o  an annual maintenance chore is now within the  means of inajor hea t  recovery 
equipment manufacturers. In  the f i v e  years since t h e  development of heat  recovery a s  
an adjunct to pa in t  drying ovens, majcr suppl iers  have developed de ta i l ed  appl ica t ion  
spec i f i ca t ions  t o  make the  p a r t i c u l a t e  problem manageable before i n s t a l l a t i o n .  This 
is accomplished by n in in iz ing  t h e  po ten t i a l  for  particulate build-up and by insur ing  
ready access t o  the equipment f o r  ease of removing t h e  p a i n t  o r  c leaning when it be- 
comes aecesaary . 
(ENERGY CONSERVATION, PAINT DRYING OVENS, IXDUSTRIAL PLANTS) 

Problems with hea t  recovery equipment used i n  i n d u s t r i a l  p a i n t  drying ovens a r e  
The most ser ious  p a r t  of t!!e problem is avoiding build-up of  pa in t  par- 

Avoiding the 

BP77 22021 IMPROVEMENTS TO T?IE COOLING SYSTEM OF A FUSION REACTOR 

Far fa l e t t i -Casa l i ,  P., Peter ,  F.G., Gritznmnn, P.G., D e c  17, 1975, B r i t i s h  Pa ten t  

Avail  :TAC 
An improved cool ing system is claimed for fusion r eac to r s  having a to ro ida l  or 

linear conf igura t ion  and having a L i  blanket. 
cav i ty  is surrounded by an annular chamber containing l i q u i d  L i ,  t h e  main funct ions 
of  which a r e  t o  the rna l i s e  neutrons and t o  breed T a t  a r a t e  g rea t e r  than its cons-- 
t i o n  i n  t h e  fusion process. The blanket zone is surrouned by another annular chamber 
containing graphi te  absorber,  and by o ther  moderating and sh ie ld ing  zones. Fain prob- 
lem requ i r ing  a s a t i s f a c t o r y  so lu t ion  a re  cooling of the  blanket and recovery of the  
T. 
wi th  a r i g i d  w a l l  separa t ing  +these chmbers. 
o u t e r  chamber contains  a neutron mdera t ing  material such a s  graphi te .  X number or' heat  
pipes  a r e  r a d i a l l y  located i n  t h e  chambers and pass through t h e  intermediate wal l  f o r  
hea t  t r a n s f e r  f r o s  <?e inner  t o  the  ou te r  chamber, and a cool ing medium is provided t o  
t r a n s f e r  hea t  from the  ou te r  chamber. The evaporation zones of  t h e  neat  ? ipes  are 
loca ted  in t h e  L i  i n  t h e  inner  chaorber and the  condensing zones a r e  located. i n  the 
moderating mater ia l  i n  t h e  ou te r  chamber. ?he ou te r  chamber is provided with vacuum 
means t o  r e m v e  t h e  T ex t rac ted  by t h e  heat  pipes from the  L i  in t h e  inner chamber. 

1,418,319/B// 

In  this kind of  reac tor  t he  plasma 

The cool ing system described cons i s t s  of  inner and outer  concentr ic  annular chambers, 
The i m e r  chamber contains  L i  and the  

(WDERATORS , E A T  TRANSPSR, COOLING SYSTEMS) 

KP77 22022 COST-SFE'ECTIVENESS STODY O F  HEAT PIPE HEAT EXCHANaRS 
Lu, D.c., F e l h a n ,  K.T., Jr., (Mechanical Engineering Departnent, Univ. of New Mexico, 
Albuquerque, XM), XSm Paper 77-WA/ET-5, Winter Annual Meeting, Atlanta ,  GA, Nov 27- 
D e c  2 ,  1977 
Avai 1 : TAC 

recovery hea t  exchangers. Such heat  pipe heat  exchangers may be used a s  recuperators  
i n  hea t ing  and ven t i l a t ing  s y s t e m  and i n  a v w i e t g  of ?recess industry neat  recovery 
appl ica t ions .  A research study i s  being conducted t o  optimize the  p e r f o m n c e  and 
possibly reduce the  cos t s  of heat p i u e  heat  exchangers. In t h i s  paper the  i n i t i a l  
Costs of t h r e e  types of heat  p i p e  heat  exchangers a re  presented: aluminmi-Freon 11 
for the t e m p e r a t c e  range from -23OC t o  121OC (-loo? t o  250°F). copper-water for 38Ot 
t o  232OC (1OOOF to 450°F), and carbon steel-Dowthem .A f o r  lzO°C to 4OO0C (218OF t o  
7500~). L, ~ p t i * ; = = t i = n  =c~?c=-: p r c ~ r i m  f n r  the cos t - s f fec t iveness  ana lys i s  is 
developed, which takes  i n t o  considerat ion the C O S t S  f o r  equipment, i n s t a l l a t i o n ,  
opera t ion ,  and maintenance. iLq opt in iza t ion  exJm?Jle is giWn f o r  a carbop steel-Dow- 
therm X hea t  p i p e  heat  exchanger desiqned to recover heat  from the  a 5 3 4  n-'/Rin (28,000 
c f m )  of 316OC (60039) f l u e  gas exhausting from the  University heat ing 2 l an t  bo i l e r s .  

The high conductance of t he  heat  3ipe allows it t o  be used e f f ec t ive ly  i n  hea t  

. 
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I The results show t h a t  t he  investment i n  a h e a t p i p e  hea t  exchanger f o r  heat recovery 
purposes is worthwhile, e spec ia l ly  when r i s i n g  f u e l  c o s t s  a r e  considered. 

(HEAT RECOVERY, P€CLPERATORS, ECONOMICS, CONSERVATION) 

HP77 22023 HEAT RECOVERY SYSTEMS FOR BUILDINGS 

Field,  A.A., Energy World, V 16:3-5, May 1975 
Avail :TAC 

No a b s t r a c t  ava i l ab le  
c 

( W A S T E  HEAT, HEAT EXCHANGSRS, ENERGY CONSERVATION, THERMAL WHEELS) 

HP77 22024 SAVING ENERGY I N  PAINT FINISHING 

Fl i tner ,  F.P., (Devilbiss Co., Toledo, O H ) ,  Prod. Finish. ,  Cinc inna t i ,  OH, V 40:46- 
51, N5, Feb 1976 
Avail :TAC 

A n  understanding of energy c o s t s  and methods f o r  reducing energy use while main- 

f i n i s h e r ' s  job. The author shows how t o  calculate  t he  cost of energy, and discusses 
ways t o  save energy i n  such d i f f e r e n t  operations as those using powder coating systems, 
e l e c t r o s t a t i c  appl icat ion,  as w e l l  as i n  ovens, heat  pipes ,  spray washers and spray 
guns 

(SURE'ACE COATING, ECONOMICS, SURFACE FINISHING, ENERGY CONSERVATION) 

I t a i n i n g  the efzect iveness  of a f i n i s h i n g  system is a comparatively new p a r t  of a pa in t  

HP77 22025 HEAT PIPE F I N ,  A NOVEL DESIGN O F  A PLANAR COLLECTOR 

Francken, J.C., (Univ., Groningen, Netherlands), In t e rna t iona l  Solar Energy Society,  
Rockville, MD, 1975, 1975 In t e rna t iona l  Solar Energy Congress and Exposition 
A v a i l  : TAC 

N o  a b s t r a c t  ava i l ab le  

(SOLAR ENERGY, CONSXRVATION 1 

HP77 22026 SOLAR TBERMAL EIZCTRIC POWER 

Gervais, R.L., BOS, P.B., Astronaut. Aeronaut., V 13:38-45, N l l ,  N O 0  1975 
Avai l  : TAC 

Xo a b s t r a c t  ava i l ab le  

(FLAT PLATE COLLECTORS, PARABOLIC COLLECTORS, ENERGY STORAGE) 

LIP77 22027 SOLAR COUECTORS. FUNDAMENTALS AND OPERATIONAL DEMAND 

Goericke, P . ,  (Wehlmann, Essen, G e a n y ,  F . R . )  , Erqebnisse Von Entwicklungsarbeiten 
Z u r  Nutzur,g Der Sonnenenergie, 1 9 7 6 ,  In German 

a b a s i c  explanation of t h e  function of a s o l a r  co l l ec to r .  

(CONSTRCCTION, COST, FLAT-PLATE COLLECTORS) 

The c h a r a c t e r i s t i c s  of s eve ra l  ways of constructing c o l l e c t o r s  a r e  described a f t e r  

HP77 22028 m v ~  PI'ZES 

Grover, G.M., smith, D.G., (Q-Dot Corp., Dallas, T X ) ,  I n s t .  of Gas Tech., Chicago, IL, 
1974 

q u a n t i t i e s  of heat  with very small temperatare differences.  A m u l t i p l i c i t y  of h e a t  
pipes  arranged as a counterflow heat  exchanger between two a i r  streams f inds i n t e r e s t -  
ing app l i ca t ions  i n  *.em1 energy recovery. 
are d e s c r 3 e d .  

The hea t  pipe is an evaporation-condensation device which can t r a n s f e r  l a rge  

Commercial and i n d u s t r i a l  i n s t a l l a t i o n s  

(WASTE SEAT, RECOVEXY, INDUSTRIAL PWIUTS, COMMERCIAL SUILDINGS) 

-77 22029 EEAT PIPES DEC-E ZNERC;Y COSTS. COMPONENTS WITHOUT iYAINTENANCE AND 
WEAR FOR HEAT E C O V E R Y  

Hake, E., Handelsblatt ,  V 29 :101 ,  N23, June 1976,  In  German 
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A b r i e f  discussion of t h e  p o s s i b i l i t i e s  of appl ica t ion  f o r  hea t  pipes  t o  recover 
I 

i (WASTE-HEAT , RECOVERY, CONSERVATION) 

hea t  i n  i n d u s t r i a l  heating, a i r  conditioning, and domestic heating. I 

HP77 22030 GAS AND OR-FIRED ?TEAT PIPE WARM AIR FURNACE-EVALUATION OF CONCEPT, 
PERFORMANCE AND ZCONOMICS 

Hall, W.B., (Tappan Co., Development Eng. Dept., Cleveland, O H ) ,  Apt 1974 
Avail :TAC 

The program is t o  determine t h e  design, performance, and economic f e a s i b i l i t y  of 
I applying a heat  pipe heat  exchanger i n  r e s iden t i a l  warm a i r  furnaces su i t ab le  for 

mult i -posi t ion i n s t a l l a t i o n  in  duct  d i s t r ibu t ion  systems (upflow, downflow or hori-  
zonta l  flow of  conditioned a i r )  and pressure f i r i n g  with o i l  o r  gas. Study of heat  
pipe materials and desiqn configurat ions a r e  also included. 

( E A T  EXCBANGERS, RESIDENTIAL BUILDINGS, MATERIALS, DESIGN) 

-77 22031 APPLICATION OF HEAT PIPE TECHNOLOGY TO APPLIANCES 

Surley,  J., Sear ight ,  E., .Xiskolczy, G., Lazaridis,  L.J . ,  (Thenno Electron Corp., 
Waltham, .MA), .Mar 1971-July 1974 
Avail : TAC 

t i a l  and commercial appliances which u t i l i z e  heat pipe technology to  achieve numerous 
performance advantages over conventional equipment. 

(CONSERVATION, RESIDENTIAL-COMMERCIAL, EQUIPMENT) 

This program is  d i r ec t ed  toward design and development of high e f f i c i ency  residen- 

a 7 7  22032 FUEL CYCLE OF FUSION REACTORS 

Kiyose, R., Tanaka, S., (UniV. of Tokyo), Nenryo Kyokai-Shi, V 54:951-963, N584, 35 r e f s ,  
D e c  1975, In Japanese w i t h  2ngl ish Xbstract 

P r inc ip l e s  and p lan t  system designs for nuclear fusion p o w e r  are described. The 
development s t a t u s  af fuel-cycle  processes of fusion reac tor ,  such a s  €uel  i n j ec t ion ,  
separa t ion  of tritium from discharged plasma gases, production and recovery of t r i t iu  
in blanket ,  is reviewed. F ina l ly ,  with regard t o  the sa fe ty  and environment problems 
of fusion p o w e r  r eac to r s ,  production and release of r ad ioac t iv i ty ,  espec ia l ly  t h a t  of . 
t r i t i u m ,  are examined both i n  normal operat ion and during accidents.  . 
(PLASMA PRODUCTION, TRITIUM, SAFETY, ENVIRONMENTAL PROTECTION) 

-77 22033 APPLICATION O F  HEAT PIPES I N  BORESOLES WHEN DRILLING I N  VACUUM AND REDUCED 
GRAVITATION CONDITIONS 

Xopylov, V . E . ,  Kulyabin, G.X., Grechin, E.G., (Tyumen' Ind fnst, USSR), Izv. Vyssh. 
Uchebn. Zaved., M r n ,  Zh., V 5:93-99, 1975, In  Russian 

i n  a vacuum. 
Technological c a p a b i l i t i e s  of pipes a re  considered. Their length is calc-ulated i n  
dependence on the warkina temperature o f J A e  b i t ,  d r i l l i n g  rate and mechanical rock 
p rope r t i e s  i n  t h e  borehole. Conditions of s t a r t i n g  Lbe heat  pipe from a frozen state a r e  
considered. Application f o r  rock d r i l l i n g  on the moon is nmntioned. 

(DRILL BITS, D R I L L I N G ,  LLVAR 80CKr COOLING) 

I t  is  proposed t o  use nea t  pipes t o  remove heat  Zrom d r i l l  b i t s  i n  pumpless d r i l l i n g  
The purgose is t o  prol.ong the service l i f e  of d iamnd or hard-alloy S i t s .  

HP77 22034 APPLICATION OF HEAT PIPES TO GROIJND STORAGE OF SOLAR ENERGY 

Kroliczek, E.J., (B h K Engineering, Inc., Towson, XD) ,  Yuan, S.W., Bloom, A.M., (George 
Washington Universi ty ,  Washington, DC) , XIAA 12th Themphys ic s  Conf., Albuquerque, NM, 
June 27-29, 1977, Paper No. 77-729 
Avail  : TAC 

A hea t  pipe concept design fo r  appl icat ion t o  r e s i d e n t i a l  so l a r  energy s torage has 
been developed. 
t e s t i n g  a t  George Washington University.  T h e  design incorporates the  s impl ic i ty  and 
high e f f i c i e n c y  of the  heat  pipe together  wit:? cur ren t  heat pipe the-mal cont ro l  tech- 
niques and an  ex terna l  p w  a s s i s t  f o r  l i qu id  re ta rn  aaa ins t  a rav i ty .  As configured 
t h e  hea t  pipe system provides the  capab i l i t y  of t r ans fe r r ing  heat  from so la r  co l l ec to r s  
to an ener- s toraqe area and p i n t s  of  u t i l i z a t i o n  w i t h i n  a s inale  kea+_ trzr?=fp,= =:e- 
ment. A l l  con t ro l  functions a r e  inherent  i n  the heat  p i p e  c o n s t r x t i o n  including auto- 
matic shutdown of the  solar c o l l e c t o r  tone when pos i t ive  n e t  energy flow is not achieved. 
Pumping power r e q u i r e a n t s  a r e  minimal and needed only during s o l a r  input periods. 
Future eesigns could u t i l i z e  solar energy t o  drive the  pump. F ina l ly ,  t he  heat pipe 

The bas ic  f e a s i b i l i t y  of t he  concept has been demonstrated i n  prototype 

. 

. 
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. 

system can be in t e r f aced  with any one o r  combination of household heat  t r a n s f e r  mediums 
including a i r ,  hot  water or working f l u i d s  from a i r  conditioners o r  h e a t  pumps. This 
paper describes t h e  concept, the d e t a i l s  of a prototype design and the  results obtained 
with a simulated ground s torage tes t  system. 

(ENERGY STORAGE, HEAT TRANSFER, SOLAR COLtECTORS, RESIDENTIAL HEATING) 

HP77 22035 SOLAR ENERGY APPLIED TO COMFORT AND ?EAT SERVICES 

Rut, D., H e a t .  A i r  Cond. J., p. 40-44, r'eb 1975 
A v a i l  :TAC 

b r i e f l y  discussed. 
Solar  a i r  hea t e r s ,  small s o l a r  power plants ,  solar furnaces, and hea t  pipes a r e  

(AIR HEATERS, POWER PLANTS, FURNACES, BEAT ENGINES) 

HP77 22036 PROCEDURE FOR THE SUPPLY OF HEAT RECTIPIER SHSXGLES OR HEAT PIPES WITH 
HEAT CARRIERS OF DIFE'E-XENT BOILING TEMPERATURE 

Laing, N., Jan  16, 1975, German Patent 2,330,780/A//, In  German 

phase and with s i d e  w a l l s  carrying l aye r s  t h a t  are highly absorbing or r e f l e c t i n g  l i g h t  
of c e r t a i n  wavelength bands are desczibed. 

(COLLECTORS, THERMAL INSULATION, SEAT EXCXANGE2S) 

I s o l a t i n g  plates with a cav i ty  containing a hea t  c a r r i e r  i n  a vapor o r  l i q u i d  

-77 22037 HEATING FROM NUCLEAR POWER STATIONS 

Muehlhaeuser, H., (Brown, Boveri and Co. Ltd., Saden, Switzerland),  Helbling, W., 
(Sulzer Bros. Ltd., Winter+hur, Switzerland),  S u l z e r  Tech. Rev., V 57:157-164, N3, 
19 75 
Avail : TAC 

from nuclear power s t a t i o n s  f o r  heating purposes. 
are described and the c o s t s  of d i s t r i c t  heating analyzed. 

(PROCESS HEAT, ECONOMICS, HEAT RECOVERY, DISTRICT HEATING) 

The a r t i c l e  po in t s  ou t  the technical  and economic aspects  i n  the  recovery of heat  
Various p l an t s  and configurations 

HP77 22038 HVAC AND INDUSTRIAL AIR-TO-AIR ENERGY RECOVERY 

Pannkoke, T., Heat., Piping Air Cond., V 48:63-69, NE, Aug 1976 
Avail : TAC 

I n d u s t r i a l  app l i ca t ions  of a i r - to-air  energy recovery can make a major impact on 
energy conservation. The common devices f o r  t r ans fe r r ing  heat fzom one a i r  stream t o  
another a r e  t h e  ro t a ry  regenerative un i t  ia?cwn a s  the  heat wheel / Lie c o i l  runaround 
cyc le  t o  t r a n s f e r  s ens ib l e  hea t  / t l e  desiccant spray runaround cycle t o  t r a n s f e r  bot!! 
Sensible and l a t e n t  heat  / t*.e heat  pipe / and s t a t i o n a r y  conductive m t a l  h e a t  ex- 
changers. The appl icat ion acd maintenance of recovery s y s t e m  for both FNAC and in- 
d u s t r i a l  i n s t a l l a t i o n s  a r e  discussed. General app l i ca t ions  include space heating and/ 
o r  cool ing / recovery of heat  from a process t o  r e tu rn  t!!e heat t o  the process / re- 
covery o f  h e a t  from a prccess to r e tu rn  the heat t o  another process / recovery of heat 
from a process to use it f o r  makeup a i r  heating o r  space heat ing / recovery of heat 
used i n  fume incinerat ion f o r  use i n  a process / and lowering of procass exhaust temp- 
erat'u-es t o  a l e v e l  compatible vit!! emission control  equipsent. 

(HEAT RECOVERY, WASTE HEAT, CONSERVATION, VENTILATION) 

RP77 22039 WIQm S O U R  IIEAT PIPE SYSTEX FOR SPACZ AND WATER E A T I N G  

R i c e ,  F.H., (Fred R i c e  Productions, Inc., Van Nuys, CAI, In t e rna t iona l  Solar Energy 
Society,  Rockville,  YJ, 1975 

(SOLAR COLLECTORS, SPACE HEATING, WATER HEATING) 

No a b s t r a c t  ava i l ab le  

m77 22040 METHOD AND EQ~JITMENT FOR HEAT RECOVERY OF FURNACES 
- S t h e i d e r ,  t., Po&imann, fi., Aug ii, i3i5, S s ~ f i f i  Tatan'L 2,-i06,467;A;;, in G e m n  

A method of heat recovery from furnaces is described in  which the f l u e  gases a r e  
passed through a s tack.  In the f ami l i a r  types of furnaces t h e  f l u e  gases m u s t  have a 
minimum temperatme above t h e  dew point of the po l lu t an t s  tkey contain 50 prevent such 
p o l l u t a n t s  from condensing within *he stack. In order  t o  recover t h e  t h e r m 1  enerqy 

. 
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contained i n  the f l u e  gases,  a heat  exchanger is i n s t a l l e d  i n  t h e  f l u e  gas duct up- 
stream of the s tack t o  lower tile f l u e  gas temperature below the dew point t e n p e r a t w e  
of t he  po l lu t an t s ,  i n  t h i s  way allowing the pol lutant  condensates t o  be removed from 
the f l u e  gas duct. The heat exchangers which lend themselves t o  t h i s  app l i ca t ion  a r e  
i n  p a r t i c u l a r  systems with heat  pipes. The heat is b e s t  removed by forced venting of 
the cold s i d e  of the heat  exchanger. if, as a r e s u l t  of the cooling of the  f l u e  gases, 
the d r a f t  i n  the s tack is i n s u f f i c i e n t ,  it is  advisable t o  acce le ra t e  the f l u e  gases 
by fats a f t e r  t he  cooling stage. 

(AIR POLLUTION, FLUE GAS, HEAT EXCHANGERS, VENTILATION) 
I 

I 

EP77 2 2 0 4 1  COEiTRIBOTION TO TRE BOILING CURVE OF SODIUM 

Schins, H.E.J., (Technol. Div. JRC-Ispra Establ. I sp ra ,  I t a l y ) ,  Atomkernenergie, Cermany, 
V 26:48-52, 91 
A v a i l  :TAC 

Sodium w a s  preheated t o  saturat ior ,  temperatures a t  pressures of 200 ,  350 and 500  
t o r r .  A test  sec t ion  of normal s t a i n l e s s  s t e e l  w a s  then heated by means of the con ica l  
f i t t i n g  condecser zone of a heat pipe. Measurements were made of heat  t r a n s f e r  f l u x ,  
Q i n  w/cm2, as a function of w a l l  excess temperature above sa tu ra t ion ,  in nat*xral con- 
vfiction and bo i l ing  regimes. These measurements make it possible  t o  s e l e c t  the subbotin 

t u r a l  convection and nucleate bo i l ing  curves among o the r  va r i an t s  proposed i n  l i t e r a -  

rresponds t o  the homogeneous nucleation temperature calculated by t h e  b r i n g  Pormula. 

ne r ,  it may be possible  t o  Five an approximate bo i l ing  curve of sodium f o r  the use 

. It  is empirically demonstrated on water t h a t  t he  minimum f i l a  bo i l i ng  point  

ssuming chat t he  minimum fi lm So i l ing  point of sodium can be obtained i n  the  same 

i n t e r a c t i o n  s tudies .  

(HEAT TMNSFER, CCMTECTIOK, BOILING,  NUCLEAR 2EACTOR) 

HP77 22042 PROSP3CTS O F  THE USE OF EiEAT PIPES AttD POROUS HEAT EXCHANGERS IN NEW 
TECHNIQUES 

Vaaflieo,  L.L., (Teplo- I Massoobmen Kriogenicheskikh Zhidkostey V Poristykh Teploob- 
amnnikakh) , Thermal and Yasa E-xckange of Cryogenic Liquids i n  Porous Heat Exchangers, 
Col lect ion of Works, p. 3-23, 1974, In R u s s i a n  

No abstract ava i l ab le  

(HZAT TRAWSF'ER, OPERATION, TIIERMAL CONTROL) ' 

XP77 22043  DESIGH CONSIDERATIONS ON HIGH-TEMPERATURE FSACTORS FOR PROCESS BEAT 
APPLICATIONS 

Schulten, R., Kugeler, K., Kugeler, M., (Kernforschungsanlage Jue l i ch  G.M.B.H., F.R. 
G e n E m Y ,  In s t .  Fuer Reaktorentwicklung) , 1975 
Avai1:TAC 

question of intermediate heat exchangers. 
mater ia l  f o r  r eac to r  vessels  a r e  explained. The question of power densi ty  i n  the  core ,  
which is important f o r  s a fe ty ,  c o s t ,  temperatures, f a s t  dose and conversion Factor is 
considered. 
meter on a l o t  of data is discussed. 

The main requirements a r e  l i s t e d  and a wre d e t a i l e d  survey is given concerning the 
The p o t e n t i a l  advantages of c a s t  s t e e l  a s  a 

Fur themore ,  the rgactor  o u t l e t  temperature and t!!e influence of this para- 

(REACTOR VESSELS, CAST STEELS, PCWER DENSITY, EVACUATIONS) 

~ ~ 7 7  22044 PSSBLE BED HIGH TEMPERATURE REACTOR as a SOURCE OF MJCLEAR PROCESS HEAT. 
VOLUME V I I .  PROCZSSES O F  SUCLEAR PROCESS 5EAT 

Schulten,  R., Kugeler, K., Kugeler, M., Niessen, H., Win,  E-, Woike, O., Gems, J.E., 
(Kernforschungsanlage Jue l i ch  G.H.B.H., F.R. Gemany, Inst .  mer Reaktorentwicklung) , 
Aug 1 9 7 4  
Avail : TAC 

No a b s t r a c t  ava i l ab le  

(COAL GASSI'PICATION, HYDROGEN, FUEL OIL, IRON ORES) 

. 
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HP77 220.15 RESE?IRCS APPLZZD TO S O L U  THE= POWEX SYSTEM. PROGZESS REPORT, JANUARY 
1, 1975-iUCiST 3i, 1375 

Sparrow, E.M., Gupta,  B.P., Wehner, G.K., (Minnesota Univ., Minneapolis, .W), (Honeywell, 
Inc., Minneapolis, MN, Systems and Research Center),  NSF/RANN/SE/GI--34871/PR/75/2, 
Sept 30, 1975 
Avail : TAC 

NO a b s t r a c t  ava i l ab le  

(BOILERS , HEAT STORAGE, PARABOLIC REFLECTORS , SOLAR COLLECTORS) - 
8377 2 2 0 4 6  i?ESEARC€I APPLIED TO SOLAR-!I!HERMAG POWER SYSTEMS 

Sparrow, E . X . ,  Eckert ,  E.R.G., m e y ,  J . W . ,  Schmidt, R.N., (University of .Xinnesota, 
Dept. of Mechanical Eng., Honeywell Inc., MN), NSF/RANN/SE/GI-34871, July 1972-July 
1975, Sponsored by NSP, RANN, Honeywell Iac. 
Ava i 1 : TAC 

photothermal conversion f o r  e f f i c i e n t  use o f  solar  energy i n  large-scale production 
of e l e c t r i c i t y .  The program includes (I) research and development on components of 
t he  system, (2 )  hea t  t r a n s f e r  s t u d i e s  on system components, (3) systems performance 
and t radeoff  ana lys i s ,  and ( 4 )  design, const-nction, and demonstration t e s t i n g  of a - 
modular un i t  of the proposed co l l ec t ion  system. The main system components under study  
a r e  a s o l a r  concentrator  which focuses solar energy on a heat pipe,  a Seat pipe with a 
selective o p t i c a l  coat ing,  a heat  t r a n s f e r  loop connecting the heat pipe t o  a thermal 
s torage uni t ,  and a t!!ermal s torage u n i t  which receives  thermal energy from t%e t r a n s f e r  
loop and r e l eases  it t o  the power cycle working f l u i d .  Eight stuay t a sks  a r e  under- 
taken (including experimental work on many of them) as follows: (1) solar r e f l e c t o r  
surface l i f e ,  (2 )  s o l a r  absorber coa t ing  l i fe ,  ( 3 )  gravity-aided long heat pipes,  ( 4 )  
heat  t r a n s f e r  and pressure drop i n  a t r a n s f e r  loop, (5 )  hea t  t r a n s f e r  i n  a c e n t r a l  
s torage f a c i l i t y ,  ( 6 )  hea t  t r a n s f e r  in a decentralized s to rage  f a c i l i t y ,  (7) system 
design, and (8) moduie demonstration. 

~ 

This p ro jec t  undertakes research and development focused on key technology of 

(SOLAR COLLECTOR, CONSERVATION, POWER SYSTEMS, HEAT TRANSFER) 

. If. D. AEROSPACE APPLICATIONS - 

- 
HP77 2 3 0 0 3  COMPARISON OF NUCLEAR SPACE POWER SYSTEMS WIT5 TUREOELECTRIC AND WITH 

THERMIONIC CONVERTERS 

Blumenberg, J., (Technische Univ., Munich), Rerntechnik, V 18:23-35, N 1 ,  7 r e f s ,  Jan 1976, 
In Gsnnan and English 
Avail :TAC 

Future space power systems w i t h  high power r a t i n g s  w i l l  work on the  bas i s  of f a s t  
nuclear r e a c t o r s ,  Seat  pipe r ad ia to r s  and high e f f i c i ency  p a r e r  converters.  
shows t h a t  t h e  formerly held assumption t h a t  thermionic s y s t e m  a r e  superior  is v a l i d  
t0  only a very l imi t ed  extent .  For the sane se t  electric power r a t i n g s ,  and applying 
comparable technological standards,  the turbo-electr ic  systems a re  character ized over 
t he  e n t i r e  achievable range of hot s i d e  temperatures and n e t  e l e c t r i c  power r a t ings  by 
lower s p e c i f i c  rasses, lower cold s i d e  temperatures and a very much l e s s  s e n s i t i v e  
dependence o f  the s p e c i f i c  mass on va r i a t ions  o f  t he  hot s ide  temperature. 

Comparison 

(SPACECRAFT, P O W 3  SiJPPLIZS , WALUATIONS , CARNOT CYCLE) 

-77 23004 COMP.SRATIVE ASSESSMENT O F  OUT-OF-CORE NUCLEAR THERYIONIC POWER SYSTEMS 

Estabrook, W.C., Xoenig, D.R., P r i c k e t t ,  W . Z . ,  (jPL, Pasadena, C A ) ,  Nov 15, 1975, 
X76-14193 

s t age  for Dlanetary exploration were explored. The invest igat ion was centered around 
a heat-pipe-cooled, fas t -spectr*m nuclear reactor  f o r  tn out-of-core power conversion 
system w i t h  s u f f i c i e n t  d e t a i l  for comparison with the  in-core system s tud ie s  completed 
previously.  
v d u l a r  r e l i a b i l i t y  of t!!ermionic converters makes them the desirable  choice t o  provide 
the  24O-k'W~ end-of-l ife power f o r  a t  l e a s t  20,000 fa l l  power hours. The e l e c t z i c a l  
energy w i l l  be used t o  operate a rider of nezcury ion borbardment t h r u s t e r s  with a 
s p e c i f i c  impulse i n  the range of about 4 ,000-5 ,000  seconds. 

(ION ?3OPULSION, S3ACS PROPULSION, I-IARDWm) 

The hardware se l ec t ions  ava i l ab le  f o r  fabr icat ion of a nuclear e l e c t r i c  propulsion 

A survey of competing power conversion systems s t i l l  indicated t h a t  t he  
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KP77 23005 THErZMAG CONTROL O F  THE INTELVATIONAL, GLTRAVIOLZT ElCPLORER 

Skladany, J.T., Seivold,  A.L., (NASA Goddard Space F l igh t  Center, Greenbelt, MD),  
Am. SOC. Mech. Eng., Paper 76-ENAS-38, Zu ly  1 2 ,  1976 

scheduled t o  be placed i n  a three-axis s t ab i l i zed  synchronous o r b i t  i n  the fourt!! 
quar t e r  of 1977. 
f i l l e d  grooved heat  p i p e s ,  bin.etall ic actuated louvers,  and a s so r t ed  commandable heaters .  
The spacecraf t  must operate  over a 135-deq solar  aspect  range and must h e  able  to survive 
an 05-min.-zero power eclipse. 
thermal design, an engineering t e s t  u n i t  (STU) was sr?byected t o  a Lhermal balance t e s t  
i n  t he  s o l a r  environment simulator (SES) a t  t!!e Goddard Space F l i g h t  Center (GSFC). 
Beater skins  w e r e  u t i l i z e d  t o  simulate faur  solar aspect anqles,  and various i n t e r n a l  
power s e t t i n g s  were used t o  simulate d i f f e r e n t  operat ional  cases.  
corresponded within 5% of predicted values,  t h u s  ve r i fy ing  tkke t h e r m 1  ana ly r i ca l  
model. 
t h a t  the thermal design of the IUE was adequate f o r  t h i s  mission requirement. 

(SPACE-CRAFT, POWER SUPPLIES, TEERMhL CONTROL, SOLAR HEATMG) 

The In te rna t iona l  U l t r av io l e t  Explorer ( I U E )  is a l a rge  astronomical obsematory 

The t h e m 1  con t ro l  system consis ts  of mult i layer  insulat ion,  ammonia- 

It  has a design l i f e t i m e  of t h r e e  years. To ve r i fy  Lye 

Temperatures obtained 

I n  addi t ion,  t w o  85-min.-eclipse periods w e r e  successful ly  completed ver i fying 

EP77 23006 NEUTRON 2ADIOGEVLPW WITH A VAN DE GRAAFF ACCELERATOR FOR AEROSPACE APPLICX- 
TIONS 

Swanson, F.R., Kuehne, F.J., ( G r u m n ~ a ~  Aerospace Corp., Bethpage, Ny), Am. SOC. T e s t .  
Mater., Spec. Tech. Publ., V 586:158-167, 1976 

The ob jec t ive  of t h i s  e f f o r t  was t o  develop a t!!ermal neutron radiography capab i l i t y  
based on a 3-5ev Van D e  Graaff research accelerator ,  and t o  apply it t o  company-related 
aerospace inspectior. problems. 
system design, its f i n a l  design f ea tu res ,  and radiography beam spec i f i ca t ions  a r e  
explained. A n  e-le of its *use i n  providing inspection information f o r  the design of 
a space vehicle  hea t  pipe system is presented. , 

(NEUTRON SOURCES, SPACECRAFT, INSPECTION) 

The research conducted for determining an e f f i c i e n t  

RP77 23007 LOW COST HI- PERFORMANCE GENERATOR TECHNOLOGY PROGRAM. VOLUHE 5 .  REAT 
PIPE TOPICAL 

(Teledvne Energy Sys tem,  Timonium, MD) , Ju ly  1975, XRA-3075-4 
Avail :TAC 

high performance thermoelectric generator program is reported f o r  t he  period May 15, 
1975 through June 1975. 

(SPACECRAFT, POWER SUPPLIES, THERMOELECTRICS, IIADIOISOTOPES) 

Research Brogress towards t h e  development of a h e a t  pipe for use i n  t h e  low c o s t  

11. E. ELECTRICAL AND ELECTRONIC APPLICSTIONS 

HP77 24002  TRACTION-MOUNTSD STATIC CONVERTERS U S I N G  HEAT PIPES FOR COOLING 

BirnSreier ,  H., Beidtnann. U., Klein, E., (Brown Boveri, Heidelberg, Germany), BBC 
Nachr., rGerraany, V 57:790-202, N 4  
A v a i l  :TAC 

the power loss in  the semiconductor devices i s  described. The use  of these heat-sinks 
r e s u l t e d  in the  design of a very compact devica. 

A t rac t ion-munted  static converter with direct  air-cooling, heat  p i p e s  t o ' d i s s i p a t e  

(HEAT SINKS, HEAT DISSIPATIOX, SEXICCNDUCTORS) 

9177 24003 EIEAT PIPE COPPER VAPOR LASER. FINAL TECXNICAL S P O R T ,  1 FEB 1973-30 
JUNE 1974 

Chimenti, R.J .L . ,  (Exxon Elesearch and Engineering CO.,  Linden, NJ, Government Research 

Avail : TAC 

ezppor ctn=;ir;=d v.i=t;ia ?,=a= pipe .nd .rhnse -JaDc)r c+nsit:r could he c ~ n + r n l l e d  hy 
an i n e r t  gas. 
m a t e r i a l s  of construction was obtained t o  teQeratureS O f  ?loo°C. 
were used f o r  t h e  control  of the copper vapor P e s s u e .  The  second ascect of the  proqram 
was the  development of a discharge conficuration canable O f  the  aroduction of hiqh cur- 
zen t ,  short r iset ime exc i t a t ion  i n  the vapor and c o q a t i b l e  with the neat p ipe  s t ruc tu=e .  

Lab.), Nov 1974, AD/A--005004 

The program object ive was the development of a copaer 'rapor l a s e r  i n  which the 

Successful operation of a heat ?ipe wit!! oraphi te  and tungsten a s  t he  
30th helium and argon 

. 
I 
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P u l s e  generators were developed which were i n t e g r a l  with the l a s e r  s t r u c t u r e  and had 
va r i ab le  p u l s e  r e p e t i t i o n  r a t e s  from one to  1 0 , 0 0 0  pu isespersecond.  In the  t h i r d  p a r t  
of the program inves t iga t ion  of l a s e r  ac t ion  obcainea i n  the  heat  pipe w a s  c a rz i ed  out.  
Laser ac t ion  atSoth5106andS782 SAtM w a s  successfully demonstrated a t  temperatures be- 
tween 1500 and 19OOOC. Multiple l a s e r  pulses r e su l t i ng  from a s i n g l e  exc i t a t ion  p u l s e  
have been observed a t  temperatures above 1700°C with pulse widths less than 2.5 NS 
(bandwidth l imi t ed ) .  

(GAS-LASERS, ARGON, COPPER, HELIUM, TUNGSTEN, ELECTRIC DISCHARGE) 

- 
RP77 24004 COOLING ELECTRONICS. I 

Dalley, M.J., (Intertechnique Ltd., Wembley, England), Eng. Mater. and D e s .  (GB 
29-30. N9 

, V 18: 

The use of hea t  s inks with hea t  pipes i n  eli.ninating t h e  problem of l o c a l  ho t  
spots is discussed. Methods of m n i t o r i n g  a i r  temperature a r e  discussed. Methods of 
monitoring a i r  flow using a thermal a i r  flow switch and t h e  e l e c t r o n i c  sensor a r e  out- 
l i n e d  with developments in t he  f i e l d  of temperature sensing discussed. 

(HEAT SINKS, TEMPERATURE .hlEAsUREMENT, FLOW MEASURENENT FORCED FLOW) 

HP77 24005 VAPOUR PHASE EPITAXIAL GROWTH OF Ga-As FOR MULTIPLE APPLICATIONS 

Hollan, L., Bok, J . ,  (Labs. D'Electronique E t  De Phys. Appliquee, Limeil-Brevannes, 
France) , G a l l i u m  Arsenide and Related Compounds, Deauville, France,  1974, A7S-54978 
A v a i l  : TAC 

An improved a-A C1 -H VPE method f o r  growing multi- layer s t r u c t u r e s  including 
N- l aye r s  (N 7 loltczt-') L 3 escribed. The advantages of t he  heat  p i p e  furnace a r e  
discussed. 
l e v e l  and the yrcwth rate a r e  considered undeT d i f f e r e n t  g-ro-qh conditions:  allowing 
good con t ro l  of the doping l e v e l  between 5*LOA2 and 2*1010cm- . 
a sulphur dopinq source, allows the growth of t h e  mult i layer  s t r u c t u r e  f o r  millimetre 
Gunn diodes,  nuclear de t ec to r s ,  G u n n  amplifiers (TEA) and FET. 

(HEAT-PIPE FURNACE, SEMICONDUCTORS, TRANSISTORS, GZOWTH) 

The influence of l a rge  va r i a t ions  of t h e  AsC13 molar f r a c t i o n  on t!!e doping 

This Process, with 

EP77 24006 HEAT SINKING FOR SEMICONDUCTORS 
- 

Houslip, N., New Electron., ( -1 ,  V 9:27, 30, N12 .. 
Avail :TAC 

This a r t i c l e  reviews various types of heat s inks  and their app l i ca t ions  and 
discusses  small ' f an '  tops,  regainer  types, beryllium oxide, PCB mounted types, extruded 
hea t  sinks, l i q u i d  cooling, fan cooling, h e a t  pipes, a s  w e l l  a s  a new metal cored PCB. 

- 

(COOLING, SEMICONDUCTORS , REVIEW) 

HP77 24007 HEAT REJECTION SYSTSMS FOR ELECTROCREMXCAL EQUIPMENT 

Raufmnn, J . J . ,  Per reau l t ,  W . ,  (NASA, Marshall Space F l igh t  Center, Electronics  and 
Control Lab., .Xarshall Space F l igh t  Center, a), NASA-909-51-02 (FY731, NASA-909-55- 
02 (FY74), YASA-909-55-02 (FY75), Ju ly  1972-Dec 1976,  Sponsored by Office of lYanned 
Space F l i g h t  
a v a i l  :TAC 

Of hea t  r e j e c t i o n  systems using heat pipes operating Setween 10°C md 100°C f o r  a lkalb-e-  
hydrogen-oxysen f u e l  c e l l s ,  b a t t e r i e s  and other a s t z i o n i c  Tackages. The basic  technology 
for hea t  pipes  of the type required already ex i s t s .  
t o  resolve cpe ra t iona l  problens such a s  cold s t i r t u ? ,  G-force e f f e c t  and r e s t a r t .  
Spec i f i c  developncnt is required t o  assure tha t  hea t  p i p e  systems can be applied i n  
f u e l  ce l l  s t a c k s ,  b a t t e r i e s ,  and small as t r ion ic s  packages. ? O r  e x a m l e ,  i n  concentrated 
hea t  app l i ca t ions  such as i n v e r t e r s ,  it is important t o  remve senerated heat from 
pr in t ed  wir ing  boards t o  the housing. Technology is needed e spec ia l ly  t o  conduct heat 
across  the  i n t e r f a c e  becueen a "s l ide- in"  printed wiring boar6 and Lbe housing. The-rolal 
analyses  w i l l  be conducted to evaluate possible use of heat pipes as a passive t h e m 1  
con t ro l  device f o r  t h e  tug f u e l  c e l l ,  i n t e r n a l  port ion of a ba t t e ry  kouslng t o  housing 
i n t e r f a c e ,  and printed-wiring-boards-to-housinq for as t r ion ic s .  Should the heat p i p e  

conducted on the  various candidate applications to ve r i fy  the analyses and accep tab i l i t y  
of t h e  concept. 

(FL?L CELLS, BATTERIES, :mAT TpAn:SFEP,, BEAT ?ZECTIAhl! 

The ob jec t ive  of t h i s  p ro jec t  is t o  per fom basic  RLD tasks  r e l a t e d  t o  optimization 

Additional development is required 

. approach prove to be unacceptable, a l t e r n a t e  methods W i l l  b e  considered. Tests w i l l  be  

17 



24013 

BP77 24008 PROBLEMS OF HEAT DISSIPATICN I N  ELECTRONICS. 11 

Xilgenstein,  O., (Fachhschschule, Nurnberg, Germany), Elektron. Ind., Germany, V 6: 
196-197, N10 
Avail : TAC 

cribed. 
length of  copperclad wings of pr in ted  boards a re  provided and a b r i e f  descr ip t ion  of 
heat  pipes is included. 

The p r a c t i c a l  methods of obtaining temperature reduct ion i n  e l ec t ron ic s  a r e  des- 
Diagrams and curves of d e l t a t  vs. d i ss ipa ted  power i n  hea t  s inks  and i+h vs. 

(HEAT SINKS, SEMICONDUCTORS, CIRCUIT BOARDS, POWER DISSIPATION) 

BP77 24009 C O S E D  EVAPORATIVE COOLING OF ROTATING ELECTRICAL MACSINES 

Kukharskii, X.P., 1nzh.-Fiz. Zh., USSR, V 27:446-456, N3, J. Eng. Phys. Jephal., 
V 27:1090-1096, N3, Sept 1974 
Avail :TAC 

with a c a l o r i r e t r i c  device f o r  experimental invest igat ion.  
sented t o  confirm the fundamental cor rec tness  of t h e  i n i t i a l  t h e o r e t i c a l  hypotheses. 

The elements of a theory f o r  centrifugo-axial  hea t  pipes  a r e  descr ibed concurrent ly  
Experimental da t a  is  pre- 

(HEAT TRANSFER, INTEGRAL C30LING SYSTEM, EXPERIMENTAL ANALYSIS) 

BP77 24010 A TWO-LZL, HIGH-POWER, AIR-COOLED TRAVELING-WAVE TUBE FOR COMMUNICATION 
SYSTEMS 

Leborgne, R.H., (Elect-ton Dynamics D i v . ,  Hughes A i r c r a f t  Co., Torrance, CAI, 1975 
Interxiational Electr3n Devices Meeting, Technical Digest, Washington, DC, Dec 1-3, 1975 
Avail  : TAC 

A two-level 600/1200 watt  c W ,  x-band, coupled cav i ty  traveling-wave tube w i t h  low 
d i s t o r t i o n  c h a r a c t e r i s t i c s  and a i r  cooling enhanced by t h e  use of hea t  pipes  is &scribed. 
This l ightweight  tube developed f o r  xilatar:! communication ground terminals  is PPM 
focused and incorporates  heat  pipes on the  IZF c i r c u i t  t o  uniformly d i s t r i b u t e  the  
r e l a t i v e l y  high thermal loads insuring r e l i ab le  a i r  ccoling. The tube provides e i t h e r  
600 o r  1 2 0 0  w a t t s  of sa tura ted  CW output p o w e r  over t he  frequency band 7.9 to 8 . 4  GHZ. 
With t w o  l e v e l s  of s a tu ra t ion  achieved by v a q i n g  t h e  voltage on an i s o l a t e d  anode, 
the effective perveance of t h e  e l ec t ron  gun is  increased and gain va r i a t ions  of less 
than 1.2 DB have been achieved across  the 500 MHZ band. 

(TELECOMMUNICATION, T H E W  LOADS, HEAT TRANSFER, EQUIPMENT COOLING) 

HP77 24011 NEW DEVELOPMENTS I?J COOLING TECHNIQUES 

Markstein, H.W., Electron. Packag. and Prod., V 15:36-38, 40 ,  44,  N S  
Avail  : TAC 

predecessors f o r  Lhe sane functions.  .%dern e lec t ronic  s y s t e m  have a l so  been com- 
pressed i n  s i z e  and inco&Torates mre functional capabi l i ty .  Thermal management 
problems have not diminished and nay be even grea te r  i n  today 's  system's design. 
Various tec-hniuues, such a s  simple heat-sink c l ip s  to heat-pipe hea t  exchangers, have 
been employed t o  remove h e a t  from e l ec t ron ic  equipment. 

(BEAT SINKS, HEAT EXCEIANGERS, ELECTRONIC EQUIPMENT) 

Mdern e l ec t ron ic  equipment consumes less power than previously required by its 

HP77 24012 PILE TYPE SATTERY IN'EGPATED THERMAL CQNTROL 

Marsh, R.A., .%rtel, D.P., (U.S. Dept. of Defense, Aero Propulsion Lab., Dayton. O H ) ,  
July 1974-June 1975, Sponsored by U.S. Dept. of Defense, A i r  Force, AF-DF456770 
Avail : TAC 

Analysis and e x p e r h e n t a l  evaluat ion of cooled and uncooled ~ O V ,  1 6 2 0  amp-sec p i l e  
b a t t e q ,  to dermnstrste enhanced cycle  tine, exter.ded on r i m e  (fzom 30 sec discharge t o  
2 n i n  d i scha rge ) ,  ana cooling system in tegra t ion  ease. 
s i e n t s .  Cesign, f ab r i ca t e  and in t eg ra t e  heat  p i p e s  i n to  2rototype . s i lver -z inc ,  p i l e  
type  b a t t e r i e s .  Cooled ka t t e ry  performnce w i l l  be compared witk uncooled t o  see i f  
t echn ica l  ob jec t ives  can be demonstrated. 

(BATTERIES, CWLING SYSTEMS, STORAGE C Z L S ,  SILVER-ZINC) 

T o  Evaluate power pulse  t ran-  

9P77 24013 .XOD[TWR E A T  SINK 

Parsapour,  H., (Ian, Arxnnk, N Y ) ,  IBM Tech. Disclosure Bull . ,  V 17:3313, X 1 1  
Ava i 1 : TAC 

Much izproved heat  conductivity by t h e m 1  contact  between the  heat s ink 
and module w e r e  gbtarned by using a heat  pipe in  the  forn  of a bellows, f l ex ib l e  i n  
a l ong i tud ina l  d i rec t ion .  T h e r m 1  grease was used between the hea t  pipe and m d u i e  
to keep the t h e c a l  res i s tance  l o w  a t  t he  svaporator end. 

(BELLCYS HEAT-?I?L, 3ZAT j i : l K ,  ?HEX% 3ESIETXJCC, CONDUCTI'IIT?) 18 
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~ ~ 7 7  24014 HEAT REMOVAL SYSFEX :'OR IUUMINATICN DEVICE 

Paterson, R.L., ( I B M ,  Armonk, NY), IBM Tech. Disclosure Bull . ,  V 17:2683, N9 
A v a i l  : TAC 

t o  r emve  excessive heat  from t!!e doc*Yoent area.  I n  its s i m p l e s t  form, the  heat pipe 
c o n s i s t s  of a vacuum chamber with a c a p i l l a r y  s t ruc tu re  ( w i c k ) ,  s a tu ra t ed  with same 
vnlatile fluid. 

A system is employed adjacent t o  the i l lumination device of a duplicat ing macnine 

(PHOTO-DUPLICATION, LIQT SOURCE p HEAT REMOVAL) 

-77 24015 THE EIEAT PIPE I N  UECTXONICS 

R a t c l i f f ,  G., Elect-wn, (GB), p. 22-24, N73 
Avail :TAC 

A hea t  pipe cons i s t ing  of an evacuated and sea l ed  boiling-condensing system, with 
e i t h e r  t h e m s y p h o n  o r  c a p i l l a r y  'wick'-beat pipe return t o  t h e  condensed working 
f l u i d  from the condenser t o  the evaporator. By u t i l i s i n g  the l a t e n t  h e a t  of vaporisa- 
t i o n  of the c i r c u l a t i n g  working f l u i d ,  larqe quan t i t i e s  of thernal  energy can be t rans-  
f e r r e d  long dis tances  with minimal dr iving force (temperature d i f f e rence  between 
evaporator and condenser s ec t ions )  i n  an en t i r a ly  passive w d e .  

(SEMICONDUCTORS, BEAT SINKS, EIEAT TRANSFER) 

19 



111. HEAT PIPE THEORY 

111- A. GENERAL THEORY 

HP77 30012 CONTROLLABILITY ANALYSIS FOR PASSIVELY AND ACTIVELY CONTROLLED HEAT PIPES 

Lehtinen, A . X . ,  (Rockwell In te rna t iona l ,  Downey, C A I ,  AIAA 12th Thermophysics Conf., 
Albuquerque, NM, June 27-29, 1977, Paper No. 77-776 
Avail  : TAC 

An ana ly t i ca l  technique was developed for steady s ta te  and pseudo-transient cont ro l  
ana lys i s  of var iab le  conductance heat pipes (VCEI?) and feedback cont ro l led  heat  pipes  
(FCIP). The approach uses a modified vapor t e q e r a t u r e  p r o f i l e  and a simple 5-node 
thermal network. This approach d i f f e r s  from ?as t  techniques i n  tha t  it accounts f o r  
gas blockage of t h e  ad iaba t ic  sec t ion  and t!e set point temperature is referenced t o  
the  con t ro l  po in t  node r a the r  than the  vaoor node. 
is determined a t  a design set  poin t  temperature and he ld  constant  f o r  ana lys i s  of vary- 
ing controller s e t  po in t  temperatures. The pseudo-transient ana lys i s  i n t eg ra t e s  t h e  
reservoir response t i m e  equations wi*& the steady state cont ro l  equations.  The most 
s i g n i f i c a n t  f indings w e r e  t h a t  r e se rvo i r  volume increases due t o  con t ro l l e r  set po in t ,  
response t i m e ,  and resentoil temperature l i n i t a t i o n s ;  and the  ex is tence  of ninimum and 
aaximum c o n t r o l l e r  set poin t  temperat-xes when reservoir temperature l imi t a t ions  exist .  

(VCBP, FCBP. T H E . W  NETWORX, XNiUIPTICXt TECHNIQUE) 

HP77 30013 

T i e n ,  C.L., Davis, L.R., Wifson, R.E., (Univ. Cal i forn ia ,  Berkeley, CAI, Proceedings 
of the 1974 Heat Transfer and Fluid Mechanics I n s t i t u t e ,  Corva l l i s ,  OR, A75-15255 
Avail : TAC 

fer and f l u i d  mechanics but  unfamil iar  with this emerging technology, and, t o  present  
a crit ical  appra i sa l  of t h e  cu r ren t  s t a t u s  of  a few se l ec t ed  fundamental transpore: 
pmblems i n  heat  pipes. 

I n  FCRP systems, the gas inventory 

TRANSPORT PHZXOMEXA M KEAT PIO%S 

The authors  purpose is t o  provide or ien ta t ion  f o r  those i n t e r e s t e d  i n  heat  trans- 

HP77 31007 TAE MX,TISTAGE REAT PIPE .WI.ZTOR - AN ADVANCZMENT IN PASSIW COOLING 
TEaNOLOGY 

Wilson, D.E., Wright, J.P., (Rockwell In te rna t iona l ,  Downey, C X ) ,  AUUI 12th Therm- 
ohysics  Conf., Albuquerque, NM, June 27-29, 1977. Paper No. 77-760 
i v a i l  : TAC 

Mathematical models w e r e  developed f o r  one-, two-, and a r e e - s t a q a  r ad ia to r  systems 
to determine optimum s tage  a reas  and system performance as a f m c t i o n  of such -Jarmeters 
as i n su la t ion  e f f ec t iveness ,  cold s tage  temperature, and hea t  load t o  the  cold and in t e r -  
mediate s tages .  
the bas i s  of weight or projected a rea ,  and t h a t  cold s t age  temperatures as low as 15% 
a r e t h e o r e t i c a l l y  poss ib le  vith present  technology leve ls  f o r  insu la t ion  emittance. 
t i m u m  r a d i a t o r  ueomt ry  f o r  a given temperature w a s  found t o  be independent of the 
magnitude of t!!e hea t  load: hence, t he  r e s u l t s  can b e  sca led  up o r  <own €or  any s i z e  
system. The aed i t ion  of a heat  load t o  the intermediate s tage  d id  n o t  s ign i f i can t ly  
a f f e c t  co ld  s t age  heat  r e j ec t ion  f o r  heat  loads up to LO t i m e s  t!e cold s tage  load. 
is s i g n i f i c a n t  f o r  sensor  systemsrequiringadditlonal cool inu a t  i n t e m d i a t e  tempera- 
t u re s .  For t h e  base l ine  & + s i g n ,  analyses were garforxed t o  de t emine  optimum rad ia to r  
f i n  geometry and hea t  pipe spacing a s  a function of temperatxre, mater ia l  p roper t ies ,  
and hea t  pipe weight. In addi t ion ,  a ground t e s t  s y s t e m  was desigr.ed f o r  L!e base l ine  
design with hea t  r e j ec t ion  requirements of 1 0  mW a t  3S0X on t!!e cold s tage  and 100 n;W 
a t  the  second s tage.  

This study shows t h a t  multi-stage r ad ia to r  s y s t e m  can be optimized on 

Op- 

This 

(YATEIEMATICAL HODEL, F I X  GEOMETRY, SPACING, WEIGHT) 

t -  
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I RP77 31009 REFLUX CONDENSER - SEAT PIPE 

Rhodes, R.A., P a t i l ,  A.S., ( U . S .  Dept. of Defense, Army Mobility Equipment R&D Center, 
Fort  Belvoir,  VA), J u l y  1973-June 1974,  Sponsored by U.S. Dept. Of Defense, Army 
Avail : TAC 

hea t  ? ipe technology and t o  discover i d e a l  operating f l u i d s ,  mater ia l s ,  dimensions and 
cont ro ls  appl icable  t o  Xoobile Army Envizonmental Control Systems and o t h e r  h e a t  t rans-  
f e r  uses .  Conduct a .mathematical ana lys i s  of the f l u i d  ana t h e m 1  dynamics of each 
process i n  the  heat pipe cycle.  Develop computer program which w i l l  deterraine coef- 
f i c i e n t  of performance for any media i n  any p ipe  configurat ion over a range of tempera- 
tures €or a desired capaci ty .  Candidate operating f l u i d s  possessing proper t ies  of high 
l a t e n t  heat ,  low densi ty  and v iscos i ty ,  high surfacr: tension and therm1 s t a b i l i t y  
w i l l  be tested i n  various hea t  pipe configurations t o  build-up and t r a n s i e n t  response. 
Methods of cont ro l  w i l l  be invest igated.  

. This inves t iga t ion  is intended t o  disclose t h e  operat ing and design parameters of 

- 
I 

(VISCOSITY, DENSITY, S;JRFACE TENSION, COMPUTER PROGRAM) 

KP77 31010 A ZERO G VARIABLE CONDUCTANCE BEAT PIPE USING BUBBLE PUMP INJECTION 

Roberts, C.C., Jr., (Engineering Consult&Tt, Packer Engineering Associates, Napervil le,  
IL), AIAA 12th Thermophyoacs Conf., Albuquerque, NM, June 27-29, 1977, Paper N o .  77-752 . 
Avail : TAC 

cont ro l ,  vapor flow cont ro l  and condenser blockage. 
ma3 conductance has been achieved by using a bubble p m D  t o  cont ro l  r e tu rn  l i q u i d  flow. 
This has been proven i n  a 1-9 environment. 
0-9 environment, various hea t  pipe f l u i d  models w e r e  t e s t e d  on a 0-g simulator.  The 
design appears feasible over a range of Bond N u n b e r s  from 0-16. 

Methods for varying the thermal conductance of a h e a t  pipe include l i q u i d  flow 
A new way t o  vary hea t  pipe ther-  

Sn an attempt t o  apply t h i s  concept t o  the  

(THE- CONDUCTANCE, F L O W  CONTROL, BOND NDMBER) 

EP77 31011 THE EFFECT OF TIIE LIQUID-SOLID SYSTEM PROPERTIES ON THE INTERLINE HEAT 
TRANSFER COEFFICIENT 

Wayner, P.C., Jr., (Dept. of CSemical and Environmental Engineering, Rensselaer Poly- 
technic  I n s t i t u t e ,  Troy, NY), Aug 1977 
Avail  : TAC 

i n t e r l i n e  region of  an evaporating meniscus using tke  macroscopic o p t i c a l  and t h e m -  
physical  p roper t ies  of the  system is out l ined.  
t h a t  t!!e i n t e r l i n e  t ranspor t  processes a r e  control led by t h e  London-van der  Waals 
forces  between condensed phases ( s o l i d  and l iqy id) .  ?he procedure is  used t o  compare 
t h e  r e l a t i v e  s i z e  of t h e  i n t e r l i n e  hea t  s ink of var ious systems using a constant hea t  
flu model. 
ber ,  A hfg v-1,  which is evaluated for  various systems. The h e a t  t r a n s f e r  character-  
istics of the  decane-steel system a r e  numerically compared with L!ose of the carbon 
te t rachlor ide-quartz  system. In  order  t o  evaluate the  -theoretical models and obtain 
d i r e c t i o n  for tkeir refinerrent, the  Length of the i n t e r l i n e  region and the s t a b i l i t y  
of the  meniscus should be experimentally detemined a s  a function of the  hea t  flux 
and the  i n t e r l i n e  heat  f l o w  number. 

(EVAPORATING MENISCUS, INTERLINE TRANSPORT, LONDON-VAN DER WAALS FORCS) 

A t h e o r e t i c a l  procedure t o  determine the heat t r a n s f e r  c h a r a c t e r i s t i c s  of t h e  

The ana lys i s  is based on the  premise 

This so lu t ion  demonstrates the  importance of t!!e i n t e r l i n e  hea t  flow num- 

HP77 31012 TPJWSFTR PROCESSES I N  AN EVAPORATING MSNISCUS AND ADSORBED TSIN FILM 

Waynet, P.C., Z r . ,  (Dept. of Chemistry, Dept. of Environmental Eng., Rensselaer Poly- 
technic  I n s t i t u t e ,  Troy, N Y ) ,  Aug 1971-Xov 1976, National Science Foundation 
Avail  : TAC 

The t r a n s p o r t  processes occurring i n  evaporating meniscus and adsorbed t h i n  f i lm 
a r e  being s tudied  experinental ly  and theors t ica l ly .  This bas ic  research study is con- 
ce-med w i t , ?  mderstanding the processes of boLina ,  dro?wise condensation , t ranspi ra t ion  
cooling a n d t h e r e w e t t i n g  of a hor. spot .  Evaporation from porous media 1s also being 
s tudied e q e r i n e n t a l l y  and t!!eoret:cally. 
s tanding and design of "heat  pipe" type hea t  exchanqes. 

The research is d i rec ted  toward the  under- 

(HEAT EXCHANGERS, EVAPORATION, THIN FILMS, POROUS LYEDIA) 
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1x1. C. R U I D  F L O W  

RP77 32006 EXCESS L I Q U I D  I N  HEAT-PIPE VAPOR SPACES 

Eninger, E., Edwards, D.K., (TRW Defense and Spaca Systems Group, Redondo Beacn, a), 
AIAA 12th Thermophysics Conf., Albuquerque, NM, June 27-29, 1977, Paper No. 77-748 
Avail : TAC 

A mathematical model is developed of excess l i q u i d  i n  h e a t  p i p e s  t h a t  is used t o  
c a l c u l a t e  t he  parameters governing the a x i a l  flow of l i q u i d  i n  f i l l e t s  and puddles 
t h a t  form i n  vapor spaces. In  an accelerat ion f i e l d ,  the hydros t a t i c  pressure varia- 
t i o n  is taken i n t o  account, which r e s u l t s  i n  noncircular meniscus shapes. The two 
s p e c i f i c  vapor-space geometries considered a r e  c i r c u l a r  and the "Dee-shapen t h a t  is 
formed by a slab wick i n  a c i r c u l a r  tube. Also presented a r e  t h e o r e t i c a l  and experi- 
naental results for t h e  conditions under which l i qu id  s lugs form a t  the ends of the 
vapor spaces. These r e s u l t s  a l s o  apply t o  the priming of a r t e r i e s .  

(MATBEXATICU rvlODEL, AXIAL F L O W ,  MENISCUS SHAPES, PRI-XING) 

I 
- I  

i 
BP77 32007 INVESTIGATION OF COUNTERE'LOW SREAR EFFXTS I N  HEAT PIPES 

FeldmM, K.T., Jr., Thupvongsa, C., (Xechanical Engineering Department, The University 
of New Xexico, Albuquerque, NM), A I A A  12th Thermophysics Conf., Albuquerque, NM, June 
27-29, 1977, Paper NO. 77-749 
Avail : TAC 

In  t h i s  study t!!e entrainment-shear perfonnance l i m i t  which occurs in hea t  pipes  
was i nves t iga t ed  and explained. In t!!e e x i s t i n g  hea t  pipe l i t e r a t u r e  t h e  entrainment 
hea t  f l u x  l i m i t  is defined as the condition wher? the Weber number i s  g r e a t e r  than o r  
equal t o  one. I n  t h i s  ana lys i s ,  the cr i t ical  value for the  entrainment: Weber number 
i s  found t o  be 2n S.We s 3 ~ .  
entrainment performance l i m i t  is the  predict ion o f  the performance degradation due t o  
vapor-liquid shear ing s t r e s s  whic!! is a l so  described. 
ments were conducted t o  observe %!e shear stress wave fornation phenomena. The equa- 
t i o n s  presented i n  t h i s  analysis  may be used t o  p red ic t  and minimize the vapor-liquid 
shear s t r e s s  perlo-zmance e f f e c t s  t h a t  o c c x  i n  ax ia l  groove and ouddle flow a r t e r y  
hea t  pipes. 

(ENTRAINMENT, SHEAR, ?EAT -FLUX, AXIAL GilOOVZ, PUDDLE FLOW) 

Perhaps more i m g o r t a n t  t o  the heat  pipe designer than the  

Preliminary q u a l i t a t i v e  experi- 

HP77 32008 PERE'ORMANCS OF GZAVITY-ASSISTED HEAT OIPES OPERATED AT S W !  TILT ANGLES 

Kamtani ,  Y . ,  (Department of Mechanical and Aerospace Engineering, C a s e  Western Reserve 
University,  Cleveland, O R ) ,  AIAA 12t!! Thermophysics Conf., Albuquerque, NM, June 27- 
29, 1977, Paper No. 77-750 
Avail : TAC 

vest igated t h e o r e t i c a l l y  including t h e  e f f e c t  of vapor-shear. The vaopr-shear c rea t e s  
a back-flow ceqion a t  the surface of t!!e puddle, and thereby degrades t!e pipe 2erfor- 
mance. A forinula is obtained f o r  t!e l iqu id  pressure drop which accounts for the  vapor 
shear e f f e c t .  The performance of tfie p i p e  is strongly influenced by Cte f l u i d  inventory 
and the  tilt. It is found that if t!!e f l u i d  charge exceeds a c e r t a i n  amount, the pipe 
operation becomes unstable a t  a r e l a t i v e l y  small h e a t  t ransport .  

(FLUID m N T O R Y ,  VAPOR SHEAR, LIQUID PRESSU2E DROP) 

Perfomance of a gravi ty-assis ted heat  pipe operated a t  s m a l l  tilt angles is in- 

RP77 32009 INVESTIGATION O F  THE PROCESSES OF PHASE EYDRODYNAMICS IN CORELESS HEAT 
PIPES USING WATER 

Semena, N.G. , Z h a ,  S.K.,  (Teploanergetika,.Xoscow), V 3:82-84, Mar 1976, In Russian 
Results are preseated of an experimental invest igat ion of phase in t e rac t ion  i n  

co re l e s s  heat pipes. Relations of dependence of an increase i n  the thickness of the 
coneensate f i l m  on an increase i n  steam f l o w  veloci ty ,  as well as of chances i n  t!!e 
t a n g e n i t i a l  stress a t  the phase in t e r f zce  on an increase i n  the i n t e n s i t y  3f heat re- 
moval, a r e  given. The Onset of c a r q i n g  away of tSe condensate is determined and the 
process of i ts  act-mulation i n  the condensation zone is shown. 

(CONDENSATES , FIL:S ,  R u I D  FLOW, P W E  INTERFAC?, HEAT REIIOVAL) 
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IV ,  DESIGN, DEVELOPMENT AND FABRICATION 

HP77 40009 HEAT PIPE: A HEW CANDIDATE FOR POWER 

( E l e c t r .  Light Power, Boston, M A ) ,  u 54:18-19, ~ 3 ,  
Avail : TAC 

PLANT HEAT RECOVERY 

Mar 15, 1976 

The design, operation, performance, and l imi t a t ions  of finned hea t  exchangers 
made of s eve ra l  hundred h e a t  pipes are discussed. Possible u s e s  of t!!ese u n i t s  t o  re- 
cover waste heat  i n  power p l an t s  a r e  described and include reheating of exhaust gas 
from s u l f u r  scrubbers and heat  recovery from gas turbine exhaust gas t o  preheat incoming 
a i r ,  thereby improving the e f f i c i ency  of the turbine and reducing dermal po l lu t ion  
e f f e c t s .  

( W A S T E  HEAT, SCRUBBERS, EXBAUST GAS, TBERMAL POLLUTION) 

HP77 40010 BEAT PIPE HEAT EX-GZR DESIGN AND OPTIMIZATION 

Feldman, K.T., Lu, D.C., (Dept. of Mech. Eagrg. and Bureau 05 Engrg. Research, Univ. 
of ?Jew Nexico, Albuquerque, NM), NSF-374-1, J u l y  1977, Final  Report Xo. ME-81(77) 
Avail : TAC 

Heat pipe hea t  exchangers are competitive i n  hea t  recovery app l i ca t ions  because 
they have many advantages over o the r  conventional hea t  exchangers such a s  ro t a ry  re- 
generators  and runaround hea t  exchangers. I n  order t o  design a heat  pipe hea t  exchanger 
with optimum cost-effect iveness  and b e s t  ove ra l l  performance, an optimization model t o  
minimize the  t o t a l  c o s t  is developed. The computed results of an example using t h i s  
model a r e  presented. These lead t o  the conclusion t h a t  the t o t a l  long-range f u e l  sav- 
i n g  is very high. ?he Colburn modulus j and f r i c t i o n  f a c t o r  f a r e  presented i n  te-w 
of the Reynolds number f o r  staggered fhried-tube banks with segmented h e l i c a l  c i r c u l a r  
f i n s ,  solid h e l i c a l  c i r c u l a r  f i n s ,  and corrugated p l a t e  f i n s .  Three types of hea t  
pipes for hea t  exchanger desigc a r e  investigated: carbon steel-Dowthenn X heat  piges,  
copper-water heat  p i p e s ,  and aluminum-Freon 11 h e a t  pipes. A simple method using the 
thermal r e s i s t ances  approach is described t o  analyze the performance of h e a t  pipe heat  
exchangers. The influences of various parameters on e f f ec t iveness  and pressure drop 
of the hea t  exchanger depends on the maximum axial heat  t r a n s f e r  rate of each heat  pipe 
i n  the  exchanger. 
account, a thread-puddle-artery hea t  p i p e  h a s  a much smaller a x i a l  heat  t r a n s f e r  r a t e  - 
than would be expected with working f l u i d s  such as water o r  Dowtherm A. One drawback 
of hea t  pipe heat  exchangers is t h e i r  r e l a t i v e l y  high i n i t i a l  cost .  F u t t i e r  s t u d i e s  
t o  improve t h e i r  performance and t o  c u t  down Lbeir e-xpense are recomended. 

Taking the vapor shear e f f e c t  on the  liquid-vapor i n t e r f a c e  i n t o  

~ 

(COST EFFECTIVENESS, OPTIMIZED MODEL, THREAG-PUDDLE-ARTERY HEAT-PIPE) 

RP77 40011 RE-ENTRANT G W V E  HEAT PIPE 

Hamel l ,  W., (Grumman Aerospace Coqora t ion ,  Bet!!page, NY) , Kaufman, W.B., Tower, L.I., 
(NASA, L e w i s  Research Center, Cleveland, O H ) ,  XIhA 12th Themophysics Conf., Albuquerque, 
NM, June 27-29, 1977, Paper No. 77-773 
Avail : TAC 

This paper clescribes t h e o r e t i c a l  and experimentally v e r i f i e d  heat  pipe character-  
istics of an a x i a l l y  grooved aluminum extrusion wiz!! a re-entrant groove p r o f i l e .  The 
extrusion is 13 rn diameter w i t 5  20 a x i a l  grooves, each groove consis t inq of a nominal - 8 mm d i a m t e r  channel with a .2  m wi6e passageway ccmectifig ',e chamel  t~ t!!e hollow 
core. A computer program was wr i t t en  t o  compute the  zero gravi ty  hea t  t r anspor t  capa- 
b i l i t y  of the  extrusion. A heat pipe was fabricated and i t s  uerformance c h a r a c t e r i s t i c s  
measured. 
pumping l i m i t  143 w-meters: s t a t i c  yicking height 21.5 m; evaporator and condenser 
Coeff ic ients  7300 and 2 0 , 3 0 0  w a t t / m L o C ,  respectively.  

!RtUMI?JUM E.XTRUSION, AMXONLA. COMPUTER P3OGRA.W 

The c h a r a c t e r i s t i c s  of t!!e pipe w i t h  ammonia a t  20°C are:  zero gravi ty  

HP77 40012 HEAT ?IPE AND .METHOD OF PRODUCTION O F  A BEAT PIPE 

Kern?, R.S., May 2 2 ,  1975, G e m n  Patent 2,453,956/A//, In German 
?he h e a t  pipe cons i s t s  of a copper p i g e  i n  which a capillarlr  network o r  wick of 

heat-conducting n a t e r i a l  is arranged in d i r e c t  contact with the p i p e  along i ts  whole 
I ~ n r ~ t h -  ? ~ ~ ~ - h e - m n r e ,  =?.a i r ; t e r i s r  ;pat= ;f t!!~ t.&a c t n t a i ; . ~  aii evaporabia i i y u i d  f o r  
pipe t r a n s f e r .  If water is used, the cap i l l a ry  network cons i s t s  o f ,  e.q., a ?hos?horus 
band network. To avoid contamination of the i n t e r i o r  of the heat p i p e  during sea l inq ,  
i t s  ends a r e  closed by aechanical deformation so t h a t  an arched o r  plane surface is 
obta ined  which is i n  d i r e c t  contact with the net-dork. After evacuation of the i n t e r i o r  

8 
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space,  the remaining opening is closed w i t h  a tapered pin. 
tube diameter is  between 0 .01  and 0 . 6 .  

The r a t i o  w a l l  thickness/  

( W I C X ,  HEAT TRANSFER, COPPER, PHOSPHORUS) 

HP77 40013 HEAT PIPES. 1. DESIGX CONSIDERATIONS AND tMANWACTU3.E 

Patr ickson,  P., (Solek Ltd. Sevenoaks, England), Zlectr. Equip. (GB) , V 14:53, 55-56, N 1 0  
Avail  : TAC 

The concept of  hea t  pipes has been w i t h  us for  some time now. A t  first thought of 
as a ' t oy ' ,  L!e heat  pipe has now become f i rmly establ ished.  I t  is accepted a s  a valu- 
able a i d  t o  tenperature  control .  What it is  and how it is aade, t h i s  a r t i c l e  gives  some 
i n s i g h t  i n t o  solving these problems. 

( W I C X ,  FABRICATION, MATERIALS) 

HP77 40014 HEAT PIPES. 11. ENGINEERING APPLICATIONS 

Patr ickson,  P., E l e c t r .  Equip. ( -1,  v 14:41,  43, N12 
Avai 1 : TAC 

manufacturing techniques a r e  discussed. The second p a r t  dea ls  with appl ica t ions  - of 
j u s t  as much relevance t o  the  design engineer.  I t  is emphasized t h a t  s p e c i f i c  d e t a i l s  
a r e  very much dependent upon the prec ise  parameters preva i l ing ,  and f o r  t!!is reason the  
hea t  pipe manufacturer should be consulted during design s tages  with a view t o  optimiz- 
i ng  the  chosen heat  p ipe  system. 

(SYSTEM, FABRICATION, COOLIXG) 

The f i r s t  p a r t  of t h i s  a r t ic le ,  (IBID. N10,'p. 53 ,  1975) design considerat ions and 

HP77 40015 I-XPROVED HEAT CONDUCTION PIPE 

R a t c l i f f ,  G., Rem, R.T., Feb 27, 1975, German Patent 2,430,880/A//, In Geman 
Avai1:TAC 

one d i r e c t i o n  than i n  the other .  
A hea t  t ransmission pipe is described, in which  the conduct ivi ty  is much l a r g e r  i n  

(DESIGX, HEAT TWSFER, CONVECTION) 

HP77 40016 FLEXIBLE CRYOGENIC HEAT PIPE DEVELOPMEXT PROGRAM - Fina l  Report 

Wright, J .P. ,  (Rockwell In te rna t iona l ,  Space Division, Downey, CA) , NASA CR 152027, 
July 1977, NAS2-a830 
Avail  : TAC 

i b l e  Cqogen ic  Seat  Pipe Program." The program was i n i t i a t e d  i n  Ju ly  1975 and vas com- 
p l e t ed  in J u l y  1977. The program was an ana ly t i ca l  ana experinental  tec-hnology develop- 
ment e f f o r t  t o  develop 'he technology and experience necossary for successfu l  applica- 
t i o n  of high perfomance f l ex ib l e  cryogenic heat  pipes .  
f ab r i ca t ed  f o r  t e s t i n g  and evaluation. 
temperature range w i t !  maxinun heat  t ranspor t  as a primary design goal: the  o the r  w a s  
designed f o r  operat ion i n  t h e  15-100 i( temperature range with naximum f l e x i b i l i t y  a s  
a design goal.  

This  r epor t  summarizes t h e  r e s u l t s  of Contract NAS2-8830, "Development of a Flex- 

Two pipes  w e r e  designed and 
One was designed. for operat ion i n  L!e 100-200 K 

(CONTAINER, W I C X ,  METHANE, ETIIANE, NITROGEN, OXYGEN) 

I V .  3. WICKS 

Leffer ,  T.C.3. .  (Wayne S t a t e  Universi ty ,  College of Zn?., Energy Center,  Det ro i t ,  MI), 
August 1974 - Continuing/Research, Wayne S t a t e  University/National Science Foundation 
Avail : TAC 

Tha purpose of t h i s  research is t o  study t h e  phenomenon of t h i n - f i l n  evaporation 
i n  the  w i c k s  of low-temperature heat  ?ipes.  with ?roperly desiqned w i c k s ,  extremely 
high l i q i ~ i ~ - t ~ - ~ ~ ~ ~ ~ r  c ~ c ~ T ~ ~ 5 i ~ n  rates can b e  obtained ir. the  evaoorator sect ion.  Af te r  
development of a high i n t e n s i t y  'neat source, e.mer:A?lental neasurements on various wick 
designs w i l l  be used t o  COnStmCt a mathemtical  m d e l  Of Lhe operation. 

. 
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HP77 41014 

Saaski,  E.W., Hamasaki, R.B., (Sigma Research, Inc., Richland, WA),  A I A A  12th Thermo- 
physics Conf., Albuquerque, NM, June 27-29, 1977, Paper No. 77-778 
Avail : TAC 

fer appl icat ions t5at cons i s t s  of a hybrid composition of V-grooves and c a p i l l a r y  
wicking. Charac t e r i s t i c s  of tke surface include both a high heat  t r a n s f e r  c o e f f i c i e n t  
and high heat f l ux  capab i l i t y  r e l e t i v e  t o  convencional open-faced screw thread surfaces.  
W i t l l  .a groove Censity of 12,6 and amrrsnia working f l u i d ,  heat  t r a n s f e r  coe f f i c i en t s  
i n  the range of 1 t o  2 'rJ/cmLR have been measured, along with maximum heat flux d e n s i t i e s  
i n  exce s of 20 W/cm2. 

A STRUCTURED SUXFACE FOR X I G U  PE.WOPMANCE EVAPORATIVE HEAT TRANSFER 

An evaporative surface is described for heat pipes and o the r  two-phase heat t rans-  

A peak heat  trmsfer coe f f i c i en t  i n  excess of 2.3 W/cn2K a t  
20 W/cm 5 w a s  measured with a 37.8 cm'l hybrid surface. 

(V-GROOVES, CAPILLARY WICK, AMMONIA, HEAT FLUX) 

IV.  C. MATERIALS 

9377 42005 jJETTIXG AND SURFP-CE PROPEEIES OF ZFRIGERANTS TO BE USED I N  HEAT PIPES 

Reale, F., Cannaviello, M., ( I n s t i t u t o  d i  Fis ica  Tecnica, University of Napoli, I t a l y )  
Avai1:TAC 

A simple and y e t  accurate method of measuring surface p rope r t i e s  of f l u i d s  is pre- 
sented. Surface tension and contact  angles are invest igated f o r  some organic coolants,  
R-11, 12, 2 1 ,  22, 1 1 4  and 5 0 2 .  

(COXTACT ANGLE, SURFACE TENSION, ORGANIC COOLANTS) 

~ ~ 7 7  42006 TWO-PHASE WORXIXG n u n s  FOR THE TENPERATURE ma loo-3500~ 

Saaski ,  E.W., (Sigma Research, Inc., Richland, WA), Tower,  L., (NASA L e w i s  Research 
Center, Cleveland, OH), AIAA 12th Themphys ic s  Conf., Albuquerque, NM, June 27-29, 
1977, Paper No. 77-753 
Avail : TAC 

The decomposition and corrosion of two-phase h e a t  t r a n s f e r  l i q u i d s  and metal 
envelopes have been invest igated on the b a s i s  of molecular bond s t rengths  and chemical 
thermodynamics. To ten t i a l ly  s t a b l e  heat  t ransfer  f l u i d s  for the tenperature  range 
100°C t o  350°C have been i d e n t i f i e d ,  and r e f lux  heat  p i p e  t e s t s  i n i t i a t e d  with 10 
f l u i d s  and carbon s t e e l  and aluininum envelopes t o  experi;nentally e s t a b l i s h  corrosion 
behavior and nonconaensable gas generation rates .  

(CARBON ST-%, AL'JMXNUM, GAS GENEXATION, 'CORROSION) 

- 
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V, TESTING AND OPERATION 

HP77 50024 THE HEAT PIPE HEAT BRIDGE AND TIIERMAL CONTROLLER 

Arcel la ,  F.G., (Westinghouse Research and Development Center,  P i t t sburgh ,  P A ) ,  AIAA 
12th Therimphysics Conf., Albuquerque, XM, June 27-29, 1977, Paper NO. 77-751 
Avail  : TAC 

placed i n  a heat  pipe between a x i a l l y  opposed neat sources. 
by each hea t  source,  assumes a pos i t ion  i n  t h e  comon condenser zone t h a t  is indica- 
t i v e  of  the s t rength  of each hea t  soorce. The r e su l t i ng  "heat  bridge" operated nuch 
l i k e  an electrical  br idge and can be employed i n  many new and novel hea t  flow and anal-  
y s i s  s i t ua t ions .  One appl ica t ion  of t h i s  new concept hea t  pi?e 'neat br idge is hea t  
monitoring. Analyses show t ! a t  ons or two s inple  temperature,  wattage, or length 
measurements will s u f f i c e  t o  determine heat  flow accurately.  The hea t  pipe hea t  br idge 
(BPHB) is a inodified vers ion of a gas buffered, var iab le  conductance hea t  pipe (VCXP) 
and is, i n  f a c t ,  an i n f i n i t e  set  poin t  ( ISP)  VCHP. The HPHB thus a c t s  a s  a t5ermal 
c o n t r o l l e r  and w i l l  funct ion a t  an i n f i n i t e  number of temperatures, which can be pre- 
selected by the  opera tor ,  o r  var ied during operation t o  met var iab le  temperature o r  
hea t  f l ux  requirements. The X3HB is a l so  an i n f i n i t e  set poin t  hea t  flow ga te  and 
becomes a means t o  d i r e c t  heat  flows i n  branching s i tua t ions .  An eGerimenta1 hea t  
pipe heat  bridqe was constructed and t e s t ed  and has v e r i f i e d  t h e  p r inc ip l e s  of opera- 
t ion .  Other appl ica t ions  of  t h i s  new instrument, including i ts  employment as  an 
i n f i n i t e l y  va r i ab le ,  feedback con t ro l  t h e m a 1  con t ro l l e r ,  a r e  described. 

A novel hea t  pipe hea t  bridge is described. A non-condensible gas pocket is 
The gas gocket,  dr iven 

(HEAT-FLOW NON-CONDENSIBLE GAS, ISP-VCSP, HEAT MONITORING) 

HP77 50025 BOILING LIMITED HEAT PIPES I N  A MID-TEMPE.RATURE RANGE (150 TO 300 C) 

Brown, A.,  (Cept. of Xechanical'Engineering and Engineering Production, University of 
Wales I n s t i t u t e  of  Science and Tec.'mology, Cardiff ,  Wales: , AIChE-ASME Heat Transfer  
Conference, S a l t  Lake Ci ty ,  UT, Xug 15-17, 1977, ASLYE Paper 77-HT-39 
Avail : TAC 

This paper descr ibes  measurements made of avaporator performance f o r  hea t  pi?es 
with w i c k s  made from two l aye r s  of  f i n e  ware mesh, one being 100 mesh and the o t h e r  
400 mesh formed i n t o a  polygpnsect ion spotwelded to  the  pipe a t  t he  apices  of the 
polygon. B o t h  Thermex and water a r e  used as  working f lu id .  The s i g n i f i c a n t  contribu- 
t i o n  of  t h i s  paper is in  t!!e comparison of t h e  p e r f o m a x e  of heat  pipes  w i t 5  Thermex 
and water a s  a working f l u i d  opera t ing  under the  same conditions.  Also for composite 
wick geometry hea t  pipes  bo i l ing  l imi ted  evaporation is observed and discussed. 

( W I C K ,  WATER, TEERMEX, GEOMETRY, WIRE-.NZSH) 

HP77 50026 DYNAMIC TESTING O F  A CRYOGZNIC HEAT PIPE/RADIATOR 

Cenkner,  A.A., Jr., (sell Aerospace TEXTRON, Buffalo, NY) , Nelson, B.E., Chuvala, J . T . ,  
(Terkin-Elmer C a r p r a t i o n ,  Danburf, CT) , Sixth  In te rna t iona l  Heat Transfer  Conf., 
Toronto, Ontar io  Canada, Aug 7-11, 1977 
Avai 1 : TAC 

of  two f ixed  conductance crycgenic hea t  pipe/radiators ,  1 .3  and 5 . 4  meters long. in-  
cluded was the  response of Freon-13 and nitzogen f i l l e d  pipes  t o  s t e p  changes i n  evag- 
o r a t o r  power, a s  w e l l  a s  ressonse during na tura l  and (evaporator) powered cooldown t o  
t h e  cryogenic regime. Key fea tures  of  t h e  t r ans i en t  response, subsequent to s t e p  
power changes tht encompassed 2 .2  and 6 2 . 6  watts (about 87OK to 2 2 0 0 K ) ,  include the  
following: (I) Pipe response w a s  well-behaved x i t h  iriomtonic changes i n  temperature 
leve ls .  ( 2 )  Once sta-rt-up OccL-red, a r e l a t ive ly  l a rge  at tached d i s t r ibu ted  mass had 
a minor e f f e c t  on pipe performance. ( 3 )  Pipe response times f o r  l a rge  power changes 
were f a i r l y  long, being measured i n  hours. ( 4 )  I t  w a s  possible  t o  speed e leva t ion  of  
t h e  pipe temperature by overdriving the  evaporator. ?reliminary f indings on na tu ra l  
cooldown t o  me cr;rogenic reqiine indicated :kat, under co r t a in  c m d i t i o n s ,  heat  p i?e /  
r ad ia to r s  w i l l  f a i l  t o  Star= na tx ra l ly  as  a resu l t  of r ad ia to r  drop-out. Powering of 
t h e  evaporator  during cooldown was shown t o  be one nethod of achieving s t a r tup .  I t  
was a l s o  demonstrated t h a t  a common Lobar Wick design can be u t i l i z e d  t o  provide ther -  
m a l  con t ro l  over  m extremely wide temperature range Of  a t  l e a s t  74-23OoK. 

An experimental  inves t iga t ion  was performed t o  aetermine the  dynamic cha rac t e r i s t i c s  

(FREON-13, NIT?.O=N, EVAPORATOR-POWER, COOL-DOWN, START-UP) 

. 

I n d u s t r i a l  3rocess  a i r - to-ai= heat  recover7 system u t i l i z i n g  hea t  pipes have 
demonstrated ope;aring performances which B r e  subs tan t ia l ly  below predicted capab i l i t i e s .  
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A study conducted under contract  NAS5-22998 has indicated t h a t  t h i s  inadequate perfor- 
mance is due t o  liquid-vapor in t e rac t ion  within t h e  heat  p ipe ( s )  and recommends ex- 
perimental i nves t iga t ion  of the phenomena. A second phase of the above con t r ac t  was 
i n i t i a t e d  t o  inves t iga t e  the  liquid-vapor in t e rac t ion .  
a viewing po r t  w a s  employed f o r  Fluid motion inves t iga t ions ,  and t e s t s  were conducted 
with two f l u i d s ,  various charges, and numerous heat pipe o r i en ta t ions .  

(LIQUID-VAPOR, HEAT TRANSFER, BOILING,  STABILITY) 

A Seat  pipe design incorporating 

HP77 50028 INSTRUMENT CANISTER THERMAL CONTROL 

Harwell, W . ,  Has le t t ,  R., (Grumman Aerospace Corporation, Bethpage, NY), Ollendorf,  S., 
(NASA, Goddard Space F l igh t  Center, MD) , AUlA 12th Thermophyfics Conf., Albuquerque, NX, 
June 27-29, 1977, Paper N o .  77-752 
Avail : TAC 

The 1 x 1 x 3m c a n i s t e r  provides a uniform thermal environment f o r  s h u t t l e  instrument 
payloads requir ing f i n e  temperature con t ro l ,  the design goal being operation between 
O°C and 2OoC with a range of kl°C a t  any selected set-point  temperature. 
s i d e  w a l l s  a r e  isothermalized by a system of longi tudinal  and circumferent ia l  heat . 
pipes r e j e c t i n g  h e a t  through feedback controlled,  var iable  conductance heat p i p e s  t o  
s i d e  mounted r ad ia to r s .  A breadboard inoael of two s i d e  w a l l s  and two rad ia to r s  vas 
t e s t e d  i n  a t he rna l  vacuum chamber. The breadboard w a s  stable over a wide range of 
e f f e c t i v e  environments, experiment d i s s ipa t ions ,  and con t ro l  point  temperature l eve l s .  

(ISOTHERMAL, VCIP, BREADBOARD MODEL) 

A t r a n s i e n t  thermal ana lys i s  and test of a thermal con t ro l  c a n i s t e r  is described. 

The c a n i s t e r  

8377 50029 PREL1,XfNARY EVALUATION O F  A HEAT PIPE HEAT EXCIANGZR ON A REGENERATIVE 
TURBOFAN 

Kraft, G.A., (NASA, Cleveland, OH, L e w i s  Research Cen te r ) ,  Dec 1975, N76-13101 
Avail : TAC 

pipe heat  exchanger. The h e a t  exchkqger had an e f fec t iveness  of 0 .70 ,  a pressure drop 
of 3 percent  on each s ide ,  and used sodium for  the working f l u i d  i n  the s t a i n l e s s  steel 
hea t  pipes. The engine w a s  compared t o  a reference turbofan engine o r i g i n a l l y  designed 
for service i n  1979. Both engines had a bypass r a t i o  of 4 .5  and a fan pressure r a t i o  
O f  2.0. The design t h r u s t  of the engines was i n  the 4000 N range a t  a c ru i se  condition 
of mach 0.98 and 11 .6  kM. I t  is shown t !a t  heat pipe h e a t  exchangers of t h i s  type 
cause a large weight and s i z e  problem f o r  the engine. The p e n a l t i e s  were too severe . 
t o  be overcome by the  small uninstal led fuel consumption advantage. The type of h e a t  . 
exchanger should only be considered for small a i r f low engines i n  f l i g h t  appl icat ions.  
Ground app l i ca t ions  might prove sore s u i t a b l e  and f l ex ib l e .  

(TURBOJET EXGINE, BEAT EXCHANGER, TESTING, SODIUM, STAINLESS STEEL) 

A preliminary evaluation w a s  made of a regenerative turbofan engine using a hea t  

HP77 50030 A PRECISE SATELLEE THERMAL CONTROL SYSTEM USING CASCADED HEAT PIPES 

Steele, W.H., (McDonnell Douglas Astronautics Company, S t .  Louis, Mol, N c K e e ,  H.B., 
(Frito-Lay, Inc. , I rving,  TX) , A I A A  1 2 t h  Themphys ic s  Conf., Albuquerque, NM, June 
27-29, 1977, Paper N o .  77-777 
Avail : TAC 

A cascaded, clry r e se rvo i r ,  var iable  conductance heat pipe system was t e s t ed .  
Results s h w  passive temperatura control  within ~ 0 . 3 ~ F  of t h e  desired set point for a 
wide range of heat input and e f f e c t i v e  space environment temperatures. ?he use  of long 
c a p i l l a r y  tubes t o  i s o i a t e  the r e se rvo i r  and prevent set point temuerature change due 
t o  c y c l i c  hea t  loaas and/or cyc l i c  environment tenperature  was demonstzated. Orbit  set 
po in t  tenperaturo- con t ro l  f e a s i b i l i t y  w a s  invest igated using va r i ab le  volume con t ro l  
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(PASSIVE TEXPSPATURE CONTROL, CYCLIC HEAT LOAD, CONTROL ACCURAC'i) 
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EQUIPTMEhT 4 THERMAL SHOCK# / T I  
E Q U I P T M E M I  / I L O I N C S .  SOLAR SP 
E Q U I P T M E M I  / IQUES. H E A T  S I N K S  
E Q U I P T M E N T l  / L I A W E S .  CONSERVA 
STHANEs NITROGEN. O X Y G - i  /-PI 
E V A L U A T I O N S  APPL ICAT I O N S  s REAC 
E V A L U A T I O N S r  CARNOT C Y C L E #  /RS 
EVAPORATING M O N I  SCUS. I N T E R L I N  
SVAPORATING WENISCUSS ABSORBED 
EVAPORATION. C A S U I N E I  / f Z A T f O  
EVAPORATION. M A T k E H A T I  C A L  MODE 
EVAPORATION. T H I N  F I L M S .  POROU 
S V A P O R A T I V E  COOLING, R O T A T I N G  
E V A P O R A T I V E  HEAT-TRANSFER. V-C 
EVAPORATW-POWER . COOL-OCIN. S 
EVAPURATCR COMPUTER PROGRAM a 

EXCESS L I Q U I D I  HEAT-PIPE VAPOR 
EXCHANGER. D E S I G N -  O P T I M I Z A T I O  
SXCHANGER. R E G E N E R A T I V E  N R B O F  
EXCHANGER TEST I kC. SOD I UM 9 ST 
EXCHANGERS. E L E C T R O N I C  EQUIPTM 
EXCHANGERS. ENERGY C G N S E R V A T I O  
EXCHANGERS* EVAPCIZATION. T H I N  
EXCHANGERS. H E A T  RECOVERY. RCC 
EXCHANGERS. H E A T  TRANSFER. OPE 
EXCHANGERS H E A T  TRANSFER# 
5XCHANGERS. R E S 1  C E N T I A L  B U I L D 1  
EXCHANGERS. V E N T  !LATION* /RY . 
EXCHANGERS# /OR. COMPUTER PROG 
EXCHANGERS# I P E R A T U R E .  CCLLECT 
E X C I T A T I C N  CONVEFitORs E L E C T R I C  
E X C I T E D  MOLECULES* /Y  F L A M E  SY 
EXHAUST CAS. THERMAL P O L L U T I O N  
E X P E R I M E N T A L  A N A L Y S I S #  / TRANS 
ZXPERXHENTS. S P A C E L A S  TEST F A C  

023008 
0 2201 8 
022019 ~ 

3 2202 5 
022034 
021005 
020046 
0 50629 
040014 
010012 
020049 
0 22335 
032001 
0 22032 
024005 
922040 
b 2 4 6 d 0  
024007 
020047 
02201 8 

022031 
0 4 O Q 1 6  
022043 
023003 
031032 
031012 
021003 
0410x3 - 

a O310Z2 
024009 
041014 - 
353026 . 
020037 
032006 
0400t0 
0 50029 
0 56029 
0 2401 1 
022023 
3 3 6 6 3  2 
622022 
022042 
020010 
622030 

020337 
022036 
020943 
0 20044 
040009 . 
024009 
010006 

02402% . 

022040 
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SAL. PROGRAM GOALS. P O T E N T I A L  E X P E R I M E N T S #  I F A C I L I T Y .  P R O P 0  
UP/ I M E R N A T I O N A L  U L T R A V I O L E T  I X P L O R E R .  SPACE-CRAFT. POWER S 

R E - E h f R A N T  GROOVE. A L U M I  NUM EXTRUSION. AMMONIA. COMPUTER P 
E N G I  

PE E X P E R I  WENTS. SPACELAB TEST F A C I L X  T Y  PROPOSAL, PROGRAM GO 
M R C L L A B X L I T Y  A N A L Y S I S .  VCHP FCHPI THERMAL NETWCRK. A h A L Y T l  
A T I N C  MENISCUS. ABSORBED T H I N  F I L M .  H E A T  EXCHANGERS. EVAPORA 
E R A T U R E  HEAT-PIPE.  UICK.  T H I N  FILMS. E V A P O R A T I C N r  MATHEMATXC 
AT-PIPES.  WATER. CONDENSATES. F I L M S .  F L U I D  FLOW.  P H A S E  I N T E R  
EXCHANGERS. EVAPCRATION.  T H I N  FILMS. FCROUS M E D I A 1  /M. H E A T  

NEEG I N G  A P P L I  C A T I O N S  SYSTEM P A B R I C A T  ION. C O O L I N G *  
DES ICN. MANUFACTURE. Ul CK FABR I C A T I O N .  MAT € R I A L S  # 

COOLfNGe MATHEMATXCAL MODEL. F I N  GEOMETRY. SPACING.  WEIGHT# 
SOLAR ENERGY s CON/ H E A T - P I P E  F I N .  DESIGN.  P L A h A R  COLLECTCR, 

HEAT-PIPE COPPER VAPQR LASER. FI HAL REPORTS G A S I L A S E R S I  ARGO 
E CCATING. ECONOMICS. SURFACE F I N I S H 1  NGs ENERGY C O N S E R V A T I C N  
ONOMICS. SURFACE F I N I S /  P A I N T  F I N I S H X N C .  SURFACE COATING. EC 
A T - P I P M V E N  REACTOR, TERNARY F L A M E  SYSTEM, SPECTRA. TERNARY 
L A M E  SYSTEM. SPECTRA. TERNARY FLAME. E X C I T E D  M C L E C U L i S l  / Y  F 
ATING. COOLING. BUILDINGS, E/ FLAT PIPE SOLAR C o L L E c T a R s .  HE 
OCAR ThERMAL.  E L E C T R I C  POWER. F L A T  P L A T E  COLLECTORS. PARABOL 
L OEHAhDI CONSTRUCTION. COST. F L A T - P L A T E  COLLECTORS# / A T  I O N A  

CONTAINER,  WICK. METHANE. E/ FLEXIBLE. CRYOGENIC HEAT+'IPE, 
J E C T I O N .  THERMAL CONDUSTANCE. F L O Y  CONTROL. BOND NUMBER# / I N  
NKSe TEMPERATURE MEASUREMENT. F L C Y  MEASUREMENT FORCED R O W #  
ES.. MATHEMATICAL MODEL. AXIAL FLam. MENSSCUS SWPES. P R X M S N G  
ERs COhOENSATESe F I L M S .  FLUID  FLOW. P H A S E  XNTERFACE. H E A T  RE 
REVIEWS. HEAT TRANSFER. FLU10 FLOW. THERMODYNAMICS# /WORKS. 
AT F L U X .  A X I A L  GROOVE. PUDDLE F L O W *  1 ENTRAINMENT.  SHEAR. HE 

* Y N A M I C S i  H E A T  TRANSFER. F L U I D  F L O W #  /EVIEWS. R E V I E Y .  TbERMOO 
M€NTr F L O Y  MEASUREMENT FORCED F L O W S  I K S .  TEMPEGATURE MEASURE 
FORMALCEHYDE. H E A T - P I P E  OVEN. F L O W I N G  GAS SYSTEM. BOND ENERC 
HEAT RECOVERY. AIR POLLUTION.  FLUE GAS. HEAT E K H A N C E R S .  V E N  
S. YAT-9 CCJNOENSATES. F I L M S .  F L U I D  F L C Y e  P H A S E  INTERFACE.  H 
ORKS. SEVIEWS.  H E A T  TRANSFER. F L U I D  FLCUI THERMODYNAMXCS# /U 
HERMODYNAMICS. HEAT TRANSFER. F L U I D  FLOW# / E V I E U S .  REVIEW.  T 
E A T - P I P E S ,  SMALL T I L T  ANGLES FLUID  I N V Z N T @ R Y +  VAPOR S k E A R e  
ORT PHENOMENA, HEAT TRANSFER. FLUID MECHANICS. O V E R V I E W S  / S P  

GAS =NE/ TWO-PHASE Y G R K I N G  F L U f D S e  CARBON STEEL. ALUMINUM 
C f S .  E h T R A I N M E N T ,  SHEAR. H E A T  F L U X .  A X I A L  GROOVE. PUDDLE F L O  
C A P I L L A R Y  WICK AMMONIA. H E A T  F L U X #  / T I T R A N S F E R .  V-GZGOVES c 

ANSPORT, LONDON-VAN DER WAALS FORCES /MENISCUS I N T E R L  IN€ TR 
MEASUREMENT 9 F L G U  MEASUREMENT FORCED FLDVlr /KS TEMPERATURE 
E M I L U M I N E S C E N C E .  M E T A L  ATOMS, FORHALDEHYOEI H E A T - P I P E  OVEN. 
A S I F I C A T I O N /  A L T E R N A T E  ENEGGY FORMS.' COAL. NUCLEAR ENEPGVI G 
R Y O G E N I C  H E A T  PIPE, RADIATGR.  F R E O N - l J e  N I T R O C e J s  EVAPORATOR 

E L E C T R O C H E M I C A L  EQUfPTMENT. F U E L  C E L L S ,  B A T T E R I E S .  HEAT TR 
L A S M A  FRODUCTICN,  T R I T T U M r  S/ FUEL C Y C L E ,  FUSICN REACTORS. P 
I F I C A T I O N .  C O A L  G A S I F I C A T I C N .  F U E L  G A S #  H I G H - B T U  GAS 
C L E A R  PROCESS HEAT. HYDROGEN. FUEL. O I L .  I R O N  CGES# / T I C N .  NU 
EL V A F O R I Z A T I O N .  AUTOMOBILES.  FUEL SYSTEMS. EVAPORATION.  GAS 

FUEL SYSTEMS. EV4PORATfON./  FUEL V A P C R I U l I O N e  AUTOMOBSLES 
CONSERVATXON. HEAT RECOVERY * /  FUELS. PROCESS- MANUFACTUFING 
NO. CCNSTRUCTICN.  COST, F L A T /  FUNDAMENTALS. O f  E R A T I O N A L  CEHA 
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024033 
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0 20044 
020044 
d 2201 5 
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34001 6 
031010 
024004 
032006 
032009 
030008 
032007 
010011 
924904 
020046 
02204u 
032009 
3 10008 

032808 
0300f3 
0 4200 6 
9326031 
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024007 
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020042 
022027 
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L U T f O N s  F/ WETHOD. EQUIPH€HT. FURNACE HEAT RECCVERY. A I R  P G L  
GAS 0 % - F I R E D .  H E A T - P I P E  A I R  FURNACES ECONOMICS. HEAT EXCHA 

EMEM . C A L I B R A T I O N .  H E A T - P I P E  FURNACE ISOTHERMAL. TEMPERATU 
U R I D E s  PHOTODICDESs HEAT PfPE FURNACZs SEMICONDUCTOR GROWTH. . E P I T A X I A L  GRCwTH. H E A T - P I P E  FURNACE. SEMICONDUCTGRS. TRANS 
T - E M I S S I O N  PREVENTION.  SOURCE FURNACES. FURNACES. WASTE HEAT 
S o  AIR HEATERS. POWER R A N T S .  FURNACES. HEAT E N G I N E S #  / R V I C E  
CN. C O N S E R V A T I  ON. H Z A T  PUMPS. FURNACES. R f f R f  GERATION. S T O V E  

P R E V E h 7 I O N .  SOURCE FURNACES. FURNACES s UASTE HEAT RECOV4RY. 
WER. 7 H E R M G E L E C l R I C .  POWER W FUSIBLE INSULATICNe I S O T O P E  PO 
TORS. E A T  TRANSFER. COOLING/  F U S I O N  EEACTOR CEOLING, MOCERA 
T I O N .  T R I T I U M .  S/ FUEL CYCLE. F U S I O N  REACfORS. PLASMA PRODUC 
URESe FURE-VAPCUR ATMOSPHERE. GAS CONTROLLED H E A T - P I P E  Y E T T  
UIDSs CARBON S7EELe ALUM1 NUM. GAS GENEGATION. CORROSION* /FL 
ASER. BARIUM. H E A T - P I P E  OVEN, GAS L A S E R S #  MONOMODE L 
URNACE. ECONOMICS. H E A T  E X C H /  GAS O I L - F I R E D .  H E A T - P I P E  AXR F 
HYDE. H E A T - P I P E  OVEN. F L O W I N G  GAS SYSTEM. BONO ENERGY# /ALEE 
NESCENCE. L I N E  SPECTRA. I N E R T  GAS-FLOWU / IPE  OVEN. PHOTOLUMI  
ER VAPOR LASER. F I N A L  REPCRT, GAS-LASERS. ARGON. COPPERS H E L  
RECOVERY. A I R  POLLUTION,  FLUE GAS. H E A T  EXCHANGERS. V E N T I L A T  
R. HEAT-FLOW. NOlr -CONDENSIBLE GAS, 1 3 P I V C H P .  HEAT M O N I T O R I N G  
ASTE hEAT SCRUBBERS. EXHAUST GAS, T H E R M A L  P O L L U T I O N e  R E C T R  
T I O N .  COAL G A S I F I C A T I O N .  FUEL GAS# H I G H - B T U  GASIFXCA 
N s  FUEL GAS+ HIGH-BTU G A S I F T C A T I  ON. COAL G A S I F  I C A T I O  

FORMS. COAL. NUCLEAR ENERGY. G A S I F I C A T I O N .  E N m C Y  C O N V E R S I O  
HICH-BTU G A S I F I C A T X O N .  CCAL G A S I F I C A T I O N .  FU- GAS# 

I6H TEMPERATURE REACTOR. C O A L  G A S I F I C A T I C N .  NUCLEAR PRCCESS 
S s  FUEL SY-SEHSe E V A P U R A T I  ON. G A S O L I N E #  / f Z A T f  CN. A U T O M O B I L E  
s CARBCN STEEL. ALUMINUM. GAS GENERATICN. CORRCSIONC / F L U I D S  

POWER. THERMOELECTRfCe POWER GENERATICN. I N S U L A T I O N .  I S O T O P  
THERHOELECTRfCs POWER G E N E R A T I C N .  POWER SYSTEHR 

F f e  P O E R  SUPPLIES. T H E R M O E L I  CENERATCR TECHNOLOGY SPACECRA 
O U f C  D/ LCHPG. THERMOELECTRXC GENERATOR. RAD1 O I S O T O P E S  ECON 
ERATIOk. I N S U L A T I C N .  I S O T O P I C  G E N E R A T O R Y  / L E C T E f C r  POWER G&N 
L I N G .  M A T H E M A T I C A L  MODEL. FIN GEOMETRY. SPACING. U E f G H T *  /CO 

RANGE. Y I C K .  WATER. THERMEX. GEOMETRY, MIRE-MESH# /PERATURE 
T F A C I L I T Y .  PROPCSAL. PROGRAfl  COALS. P C T E N T I R L  E X P E R I M E N T S *  

N E U T K O N  RADIOGRAPHY. V A N  DE GRAAFF ACCELERATCR. AEROSPACE 
1 BOREHCLES. VACUUM. REDUCED G R A V I T A T I O N .  O R I U  B I T S .  L U N A R  
WALL TILT ANGLES. F L U Z D  f N V E /  G R A V I T Y - A S S f S T E D  HEAT--PIPESs S 
H O N I A  e COMPUTER P/ RE-ENTRANT GROOVE ALUM1 NUW E X T R U S I O N  AM 
MENTr SHEAR. H E A T  "LUX. A X I A L  GROOVE. PUOOLE FLOW# / E N T R A I N  
ENERGY STORAGE. PE/ H E A T - P I P E  GROUND, STORAGE. SOLAR ENERGY e 

I C O N /  VAPOUR PHASE. 5 P I T A X X A L  GROWTH. F E A T - P I P E  FURNACE. SEM 
T PfPE FURNACES SEMICONDUCTOR GROUTH. TEMPERATURE CONTROL# / 

SEMI CCNDUCTORS. TRANSISTORS. GROWTH# / H e  HEAT-PXFE FURNACE. 
P R O P U L S I O N .  SPACE PROPULSION. HARDWARE# /RMION I C  PGYER. I O N  
R e  HEAT-FLOW. Noh-/ H E A T - P I P E  HEAT B R I C G E .  THEFiMAL CONTRCLLE 
R E C T I F I E R  SHINGLES. H E A T - P I P E  HEAT C A R R I E R S *  B C I L I N G  TEMPERA 

H E A T  S I N K S .  SEHICONDUCTORSe/  HEAT D I S S I P A T I O N .  E L E C T R O N I C S .  
A 7  P I P E S - C O O L I N G .  H E A T  S I N K S .  HEAT D f  SSIPATXON.  SEMICONDUCTO 
TERS. POWER PLANTS. FURNACES. HEAT ENGINES@ /RVICES.  A I R  H E A  
Z A T I O N .  COST EFFEC/ HEAT PSPE HEAT EXCH4NGER. DESIGN. O P T I M I  
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0 22030 
020035 
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022021 
922032 
d 20632 
042006 
020034 
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020046 
020038 
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0 22040 
0 SO024 
040009 
021006 
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021605 
021006 
022044 
021003 
342606 

. 021307 
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020033 
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0 24032 
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URBOFAN. TURBOJET I H E A T - P I P E  HEAT EXCHANGER. R E G E N E R A T I V E  T 
V E  T U R E W A N .  TURBOJET ENGINE.  HEAT EXCHANGER. TESTING.  S O O I U  
O L I N G  TECHNIQUES. HEAT SINKS. HEAT EXCHANGERS. E L E C T R O N I C  EQ 
STEMS. B U I L D I N G S .  WASTE HEAT. HEAT EXCHANGERS. ENERGY CONSER 
MENISCUS. ABSORBED THIN  F I L M .  HEAT EXCHANGERS. EVAPORATION.  
C C S T - E F F E C T I V E M E S S  H E A T - P I P E  HEAT EXCHANGEXS H E A T  RECOVERY 

OPERATION.  THERMAL / PORCUS HEAT EXCHANGERS. H E A T  TRANSFER 
I REVIEWS. HEAT EXCHANGERS, HEAT TRANSFER 
-PIPE A I R  FURNACE. ECONOMICS, HEAT EXCFANGERS. R E S I D E N T I A L  B 
ERY. A I R  P O L L U T f C N .  FLUE CAS. HEAT EXCHANGERS, V E N T I L A T I O N #  

PROGRAM. N U M E R I C A L  ANALYSIS.  HEAT EXCHANGERS# /OR* C O W U T E R  
LLECTORS. THERMAL I N S U L A T I O N .  HEAT EXCHANGERS# /PERATURE. CO 

EFFECTS. ENTRAINMENT. SHEAR. HEAT FLUX,  A X X A L  GROOVE. PUOCL 
VESs C A P I L L A R Y  d 1 C K s  AMMQNXA. HEAT F L U X I  /TOTRANSFER. V-GROO 
E TEMPERATURE CONTROL. C Y C L I C  HEAT LOAD. C O N T R U  ACCURlrCY# / 
E R S I O N .  THERMODYNAMXCS. YTCK/  HEAT MASS TRANSF€Ro P H A S E  CGNV 
ON-CONCENSIBLE GAS. ISP-VCHP. HEAT M O N I T O R I N G #  /HEAT-FLOWr N 
+TIN TELLURSDE. PHOTODIOOESe HEAT P I P E  FURNACES SEMICCNDUCT 
CNo O P T I M I Z A T I O N w  COST E F F E C I  HEAT PIPE HEAT EXCHANCERr  D E S I  
AT TRANSFER. CCPPER. F H O S P H O I  HEAT P I P E  PRODUCTION. a I C K .  WE 
ON. THE/ V A R I A B L E  CONDUCTANCE HEAT PIPED B U 8 8 L E  PUMP INJECT1 

NITROCEN, E V A P O R A I  CRYOGENIC HEAT PIPE. RADIATOR.  FREON-13. 
HEAT 01/ S T A T I C  CONVERTERS. HEAT P I P E S I C O O L I N G I  HEAT S I N K S  
ECONCMICS. YASTE-HEAT RECO/ HEAT PUMP@ ENERGY C O N S E R V A T I O N  

P L I A N C E  DESIGN.  CONSERVATION. HEAT PUMPS. FURNACES. REFRTGER 
ERGY-CCNSERVATION. @U?LDI NCS. HEAT PUMPS, HEAT STORAGE. S O L A  
GSe WASTE HEAT. HEAT E X C H A N W  HEAT RECCVERY SYSTEMS. E U f L O f N  
F/ METHOD. EQUIPM€NTs FURNACE HEAT RECOVERYs A I R  POLLUTION. 
ONSs PGOCESS HEAT. ECONOMICS. HEAT RECCVERY, D I S T R I C T  H E A T I N  
UfRs BARSEBAECK SUEDEN.  WASTE HEAT RECOVERY, ECONOMICS. HEAT 
-MANUFACTURING. CONSERVATION. HEAT RECOVERY, ECONOMICS. I N D U  
RCE FURNACES. FURNACES. UASTE HEAT RECCVERY. P C L L U T I  f N  CONTR 
Sa HEAT-PIPE H E A T  EXCHANCEPS. HEAT RECOVERY* RECUPERATORS. E 

A I R - T O - A I R  ENEEGY RECOVERY. HEAT RECCVERY. UASTE HEAT. CON 
UBBERSr EXHAUST / POWER-PLANT HEAT RECOVERY. UASTZ HEAT. SC8 
PIPE HEAT CARRIERS.  B O I L I N G  / HEAT R E C T I F I E R  S H I N G L E S D  HEAT- 
L EQUIPTMENT. FUEL CELLS. BAY HEAT REJECTION.  E t E C T R O C h E H I C A  
LS. B A T T E R I E S .  HEAT TRANSFER. HEAT R E J E C T I O N #  /EN+* FUEL CEL 
I C E .  P b O T O - D U P L I C A T I O N .  L I G H /  HEAT REMOVAL. I L L U M I N A T I  C N  DEV 
FLUX0 FLOW.  PHASE PNTERFACE. HEAT REMCVALI ,  / € M A T E S .  FILMS. 

TO-OL!PLICATIONS L I G H T  S G U R C E .  HEAP R E M C V A L Z  / I C N  DEVICE.  PHO 
IEwr HEAT+IPES. HEAT S I N K ,  A P P L I C A T I O N S .  OVEFiV 
HEAT SINK. THERMAL R/ MCDULAR 3 E A T  SfNIC.  EELLGUS HEAT-PIPE. 
H E A T  SXNK. BELLOMS HEAT-PIPE.  HEAT S I N K .  THERMAL RESISTANCE. 
OOCTORS. R E V f E Y i  HEAT S I N K I N G .  C O U I N G .  SEHICON 
NVERTERS. HEAT PIPES-COOLING.  HEAT S I N K S .  HEAT D I S S I P A T I O N .  
L E C T R O N I I  C C O L I N G  TECHNIOUES. HEAT SI NKS. H E A T  EXCHANGERS. E 

E L E C T E O N I C S .  SEMSCONDUCTORS. HEAT S I N K S  HEAT TRANSFER8 
EM1CC)NCUI THERMAL CONDUCTICN. HEAT S I N K S .  I S O T F E R H A L  OVEN. S 
E A T  0 I S S I P A T I O N .  ELECTRONICS.  HEAT S I N K S .  SEMXCONOUCTORS 9 CI 
EMEM. / C O O L I N C I S L E C T R O N I C S .  HEAT S I N K S ,  T E M P W A T U R E  MEASUR 
SOLAR THERMAL FOUER. BOI:LEGS* HEAT STORAGED P A G A 8 O L I C  REFLEC 
ATSON. B U I L D I N G S .  HEAT PUMPS. HEAT STORAGE. S O U R  HEATING.  S 
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020041 
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F L U I D  M E C P A N I C S  
HEAT REJECT lONAI  
I h T E G R A L  C U C L I N  
OFERATION.  THER 
SCLAR CCLLECTCR 
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PROGR/ H I G H - H € A ? ~ F L U X .  YATER HEAf--PI PE 
8 TEST F A C I L I T Y ,  PROPOSAL. P/ H E A T - P I P E  
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P A N S H I S S I O N  SYSTEMS. CHEMICAL. H E A T - P I P E *  HYDROGENr METHANE. 
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F L U I D  f N V E /  G R A V I T Y - A S S I S T E D  H E A T - P I  PES. S H A L L  T I L T  ANGLES. 

PHASE HYDRODYNAMICS. CORELESS H f A f o P I  PSS. UATER. CONDENSATES 
TION. P A I N T  OR/ P A R T I C U L A T E S  a HEAT-RECCVERY. ENERGY CONSERVA 
RVCTURED SURFACE. E V A P O R A T I V E  HEAT-TRANSFER. V-GROOVES C A P 1  
E C O E R Y .  H E A T  RZCOVERY WASTE HEAT. CUNSERVAT I CN. V E N T I L A T I O  
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m .. S/ COMFORT-HEAT SERVICES. A I R  HEATERS POWER PLANTS. FURNACE 
STORAGE. SOLAR H E A T I N G *  S P A C E  HEATING. BUILDfNGSr /PS. H E A T  
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M E M A T I C A L  MODEL. A X X A L  FLOW. M E N I S C U S  SHAPES. P R I M I N G #  / HA 
HEAT EXCHANGERS./ E V A P O R A T I N G  MENISCUS. ABSBRBED THIN F I L M .  
Y S T E H  FROPERTIES.  E V A P O R A T I N G  MENISCUS. Z N T E R L I N E  TRANSPORT. 
1-PIPE OV/ C H E L I L U M I N E S C E N C E .  METAL ATCMS. FORMALDEHYDE, HEA 
LED HEAT-PIPE.  WETTING A N G L E *  METALS. S E S S I L E  CROP. T E S T I N G #  

ENERGY CGNVERSICN. HYDROGEN. METHANE. ZCONOMI CS# / F I C A T I O N .  
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. C H E M I C A L  HEAT-PIPE.  HYDROGEN. METHANE, ENERGY TRANSPORT* / 
C H E A T - P I P E  CONTAINER. Y SCK. METHANE ETHAN€ NITROGEN. @XY 
T RECOVERY. A I R  POLLUTIGN.  F/ METHOD. E O U I P M E N f r  FURNACE HEA 

B O I L I N G  L I M I T E D  HEAT-PIPES.  HI!+TEMPERATURE AAMCE. Y I C K .  Y 
PE VAPCR SPACES, M A T H E M A T I C A L  MODEL. A X I A L  FLOW. M E N I S C U S  S H  
P A S S I V E  COOLING. M A T H E M A T I C A L  MODEL. FIN GEOMETRY. SPACING.  
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